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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: Uri KINROT 

Serial Number: Not Yet Assigned 

Filed: 1 8 July 2000 as PCT/ILOO/0042 1 and Herewith as US National Stage 

For: LASER MOTION DETECTORS 

Art Unit: Not Yet Assigned 

Examiner: Not Yet Assigned 

Honorable Commissioner of Patents and Trademarks 
Washington DC 20231 

PRELIMINARY AMENDMENT 

Further to the concurrent fiUng of the U.S. national stage of PCT/ILOO/0042 1, kindly 
amend the application as follows prior to examination: 

IN THE SPECIFICATION 

Kindly add the following, on page 1, immediately after the title: 

W ■" 

f -RELATED APPLICATIONS 

gl 

The present apphcation is a U.S. national application of PCT/ILOQ/00421, filed July 18, 

2000.- 

m 

C IN THE CLAIMS 

Kindly amend claims 3-6, 9-11, 14-17, 19, 22, 24-28, 31-33, 35-40, 45, 47-51, 54, 57, and 
59-63, in accordance with the following clean claims and add the following new claims 64-1 13. 

3. (Amended) A motion detector according to claim 1 wherein the plurality of sensor beams is 
formed by light that is forward distributed by the distributor. 

4. (Amended) A motion detector according to claim 1 wherein for each sensor beam of the 
plurality of sensor beams produced by the distributor the distributor produces a mirror image 
reference beam. 



m 



5. (Amended) A motion detector according to claim 1 wherein the distributor comprises a surface 
on which light received fix)m the at least one laser is incident, which surface has a partially 
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reflecting layer that controls how much of the light from the at least one laser is distributed to the 
at least one reference beam and how much is distributed to the plurahty of sensor beams. 

6. (Amended) A motion detector according to claim 1 wherein the distributor comprises a 
diffraction grating. 

8. (Amended) A motion detector according to claim 7 wherein the at least one sensor beam 
comprises a plurality of sensor beams. 

9. (Amended) A motion detector according to claim 8 wherein the plurality of sensor beams 
comprises at least three sensor beams and at least three of the sensor beams are coplanar. 

p 10. (Amended) A motion detector according to claim 8 wherein the phu^ity of sensor beams 
p comprises at least tiiree sensor beams and at least one of the phirality of sensor beams is not 
te coplanar with at least two of the other sensor beams. 

m 

w 11. (Amended) A motion detector according to claim 7 wherein the at least one reference beam 
P comprises a plurality of reference beams. 

i V 
■|?.:sk; 

# 14. (Amended) A motion detector according to claim 7 wherein the at least one photodetector is a 
III single photodetector. 

15. (Amended) A motion detector according to claim 7 and comprising a motor or actuator that 
cycUcally moves the Ught distributor back and forth in a given direction so that frequency of light 
in the at least one reference beam is shifted by a predetermined frequency shift. 

16. (Amended) A motion detector according to claim 7 comprising an optical frequency shifter 
through which Ught reflected from the body passes, which optical frequency shifter generates a 
predetermined frequency shift in the frequency of the reflected light. 

17. (Amended) A motion detector according to claim 15 wherein the predetermined frequency 
shift is greater than an expected Doppler shift of the reflected hght caused by motion of the body. 
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19. (Amended) A motion detector according to claim 12 and comprising a first and a second linear 
polarizer through which light that is incident on a first and a second photodetector respectively of 
the plurality of photodetectors passes, 

22. (Amended) A motion detector according to claim 19 wherein the reference beams that are 
incident on the first and second photodetectors are generated by the distributor firom light fi-om a 
same laser of the at least one laser, which laser provides linearly polarized light. 

24. (Amended) A motion detector according to claim 22 wherein an angle between the 
polarization direction of the first linear polarizer and the polarization direction of the laser light is 
substantially equal to 45^. 

0 25. (Amended) A motion detector according to claim 22 and comprising a circular polarizer that 

1 - ^ 

. " circularly polarizes the reflected light. 

^ 26. (Amended) A motion detector according to claim 22 and comprising a circular polarizer that 

^ ' circularly polarizes light in the reference beams. 

27. (Amended) A motion detector according to claim 25 wherein the first and second 

Ifli 

photodetectors respectively generate first and second signals responsive to reflected light and 
W reference beam light incident on them, which first and second signals comprise, respectively, first 
and second signal components having a fi-equency equal to the Doppler firequency shift of the 
reflected light caused by motion of the body. 

28. (Amended) A motion detector according to claim 7 wherein a photodetector of the at least one 
photodetector is a polarization sensitive photodetector sensitive to light in first and second 
directions of polarization, which photodetector generates first and second signals that are 
substantially independent of each other responsive to intensity of light incident on the 
photodetector having a polarization direction parallel respectively to the first and second 
directions. 

31. (Amended) A motion detector according to claim 29 wherein the polarization sensitive 
photodetector receives light firom a single reference beam and reflected light fi:om a sensor beam, 
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30. A motion detects according to claim 28 and comprising a circolar polarizer that 
circularly polarizes li^t in the refisrence beams. 

31. A moticm detector according to claim 29 or claim 30 wherein the polarization sensitive 
photodetector receives light from a single reference beam and reflected light from a sensor 
beam, both reference and sensor beams being generated by light from a same single laser of the 
at least one laser, and wherein the first and second signals have first and second sigiml 
components characterized by a frequency equal to a Doppler frequency shift of the reflected 
light caused by motion of the body. 

32. A motion detector according to claim 27 or claim 31 wherein the circuitry determines 
which of the first and second signal components leads the other and if the first signal 
component leads the second signal component determines a first direction for a component of 
motion of the body that generates the Doppler shift and if the second signal component leads 
the first signal component determines a second direction for the component of motion which 
second direction is opposite the first direction. 

33. A motion detector according to any of claims 1-32 wherein the at least one laser 
comprise a plurality of lasers. 

34. A motion detector accorduag to claim 33 wherein at least one of the lasers of the 
plurality of lasers provides light having a wavelength different from light provided by another 
laser of the plurality of lasers. 

35- A motion detector according to any of claims 1-34 wherein light provided by a laser of 
the at least one laser is IR light 

36. A motion detector according to any of claims 1-35 and comprising at least one source 
of visible Ught, wherein when the at least one source is turned on, light from the source 
illuminates at least one region of the surveillance zone that is illuminated by light from a sensor 
beam of the at least one sensor beam. 

37. A motion detector according to any of claims 1-36 wherein the at least one ref^raice 
beam does not extend into the surveillance zone. 
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both reference and sensor beams being generated by light from a same single laser of the at least 
one laser, and wherein the first and second signals have first and second signal components 
characterized by a frequency equal to a Doppler frequency shift of the reflected light caused by 
motion of the body. 



32. (Amended) A motion detector according to claim 27 wherein the circuitry determines which of 
the first and second signal components leads the other and if the first signal component leads the 
second signal component determines a first direction for a component of motion of the body that 
generates the Doppler shift and if the second signal component leads the first signal component 
determines a second direction for the component of motion which second direction is opposite the 
first direction. 

i^i 33. (Amended) A motion detector according to claim 7 wherein the at least one laser comprises a 
plurality of lasers. 



^ 35. (Amended) A motion detector according to claim 7 wherein Hght provided by a laser of the at 
^ least one laser is IR light. 

36. (Amended) A motion detector according to claim 7 and comprising at least one source of 
fff visible light, wherein when the at least one source is tumed on, hght from the source illuminates at 
HI least one region of the surveillance zone that is illuminated by light from a sensor beam of the at 

least one sensor beam. 



37. (Amended) A motion detector according to claim 7 wherein the at least one reference beam 
does not extend into the surveillance zone. 

38. (Amended) An intruder detection system for detecting presence of an intruder in a surveillance 
zone comprising a motion detector according to claim 7 wherein if the motion detector senses 
motion of a body in the surveillance zone, the circuitry determines if the Doppler shift is 
characteristic of motion of an intruder, and if it does generates a signal indicating presence of an 
intruder in the surveillance zone. 



4 



064/02540 AOl 

39. (Amended) Apparatus for guarding an object against theft or damage comprising a motion 
detector according to claim 7 wherein at least one sensor beam of the motion detector is incident 
on the object and, if the object exhibits aberrant motion, generates an alarm. 

40. (Amended) Apparatus for monitoring health status of a person comprising a motion detector 
according to claim 7 wherein at least one sensor beam of the motion detector is incident on the 
person and, if the person exhibits aberrant motion, generates an alarm. 

45. (Amended) A method according to claim 43 wherein the at least one reference beam 
comprises a plurality of reference beams. 

47. (Amended) A method according to claim 46 wherein determining a Doppler shift comprises: 
13 coherently mixing the reflected light with Ught from at least one reference beam to 

f% generate at least one mixed signal; and 

N}^ determining whether the at least one mixed signal comprises a signal component having a 

1^ frequency equal to a Doppler frequency shift characteristic of a component of motion of the 
object. 

mi 

1^, 48. (Amended) A method according to claim 46 and comprising introducing a predetermined 
^1 ofiset frequency shift in the received light that is larger than an expected Doppler shift generated 
fy by a component of motion of the object, so that the received light has a difference in frequency 

with respect to the reference beam light that is equal to the sum of the offset frequency shift and 

the Doppler shift generated by the component of motion of the object. 

49. (Amended) A method according to claim 46 and comprising introducing a predetermined 
offset frequency shift in reference beam Ught that is larger than an expected Doppler shift 
generated by a component of motion of the object, so that a difference in frequency between the 
received light and the reference light is equal to the sum of the offset frequency shift and the 
Doppler shift generated by the component of motion of the object. 

50. (Amended) A method according to claim 48 comprising determining a direction of the 
component of motion of the object that generates the Doppler shift responsive to whether the 
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magnitude of the difference in frequency between the received hght and the reference light is 
greater than or less than the offset frequency shift. 

51. (Amended) A method according to claim 45 wherein Ught provided by the laser is linearly 
polarized and comprising circularly polarizing at least a portion of the reflected light. 

54. (Amended) A method according to claim 45 wherein Ught provided by the laser is linearly 
polarized and comprising circularly polarizing light in a first and a second reference beam of the 
plurality of reference beams. 



57. (Amended) A method according to claim 53 and comprising determining first and second 
signal components respectively of the first and second mixed signals that have a frequency equal 
13 to the Doppler shift of the received Ught. 

1^^^= 59. (Amended) A method according to claim 46 wherein the laser provides linearly polarized Ught 

m 

and comprising: 

circularly polarizing light from the laser or the reflected light; 
pi mixing the circularly polarized laser or reflected light with, respectively, the reflected or 

laser light that has not been circularly polarized; 

generating first and second mixed signals responsive to mixed light in first and second 
polarization directions respectively; 

determining first and second signal components respectively of the first and second mixed 
signals that have a frequency equal to the Doppler shift of the received light; and 

determining a direction of the component of motion of the object that generates the 
Doppler shift responsive to which of the first and second signal components leads the other. 

60. (Amended) A method according to claun 51 and comprising detecting the direction of 
polarization of the linearly polarized Ught provided by the laser. 



61. (Amended) A method for determining presence of an intruder in a surveillance zone 
comprising detecting motion of the intruder according to claim 46. 
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62. (Amended) A method for monitoring status of an object in a surveillaace zone comprising 
detecting motion of the object according to claim 46 and if the object exhibits aberrant motion 
generating a signal indicating the occurrence of the aberrant motion. 

63. (Amended) A method for monitoring health and status of a person in a surveillance zone 
comprising detecting motion of the person according to claim 46 and, if Ihe person exhibits 
aberrant motion, generating a signal indicating the occurrence of the aberrant motion. 

64. (NEW) A motion detector according to claim 1 wherein the plurality of sensor beams 
comprises at least three sensor beams and at least three of the sensor beams are coplanar. 

65. (NEW) A motion detector according to claim 1 wherein the plurality of sensor beams 
H comprises at least three sensor beams and at least one of the plurality of sensor beams is not 

: coplanar with at least two of the other sensor beams. 

HI 

66. (NEW) A motion detector according to claim 1 wherein the at least one reference beam 
^ " comprises a plurality of reference beams. 

P| 

67. (NEW) A motion detector according to claim 66 wherein the at least one photodetector 
comprises a plurality of photodetectors, 

rii 

68. (NEW) A motion detector according to claim 66 wherein a different one of the plurality of 
reference beams is incident on each photodetector. 

69. (NEW) A motion detector according to claim 1 wherein the at least one photodetector is a 
single photodetector. 

70. (NEW) A motion detector according to claim 1 and comprising a motor or actuator that 
cycUcally moves the Ught distributor back and forth in a given direction so that frequency of light 
in the at least one reference beam is shifted by a predetermined frequency shift. 
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71. (NEW) A motion detector according to claim 1 comprising an optical frequency shifter 
through which light reflected from the body passes, which optical frequency shifter generates a 
predetermined frequency shift in the frequency of the reflected light. 

72. (NEW) A motion detector according to claim 70 wherein the predetermined frequency shift is 
greater than an expected Doppler shift of the reflected light caused by motion of the body. 

73. (NEW) A motion detector according to claim 72 wherein the circuitry processes signals from 
the at least one photodetector to determine a frequency difference between the frequency of a 
reference beam of the at least one reference beam and the frequency of the reflected light and 
determines that a component of motion of the body that generates the Doppler shift is in a first 
direction if the frequency difference is greater than the predetermined difference and in a second 

gl direction, opposite the first direction, if the frequency difference is less than the predetermined 
pi frequency difference. 

1^- 74. (NEW) A motion detector according to claim 67 and comprising a first and a second linear 
polarizer through which light that is incident on a first and a second photodetector respectively of 
W the phiraUty of photodetectors passes. 

fasisi 

^ 75. (NEW) A motion detector according to claim 74 wherein directions of polarization axes of the 
fiji first and second polarizers are not parallel 

76. (NEW) A motion detector according to claim 75 wherein the polarization axes of the first 
polarizer is substantially orthogonal to the axes of polarization of the second polarizer. 

77. (NEW) A motion detector according to claim 74 wherein the reference beams that are incident 
on the first and second photodetectors are generated by the distributor from light from a same 
laser of the at least one laser, which laser provides linearly polarized light. 

78. (NEW) A motion detector according to claim 77 comprising a polarization detector that 
detects the direction of polarization of the light from the laser. 
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79. (NEW) A motion detector according to claim 77 wherein an angle between the polarization 
direction of the first linear polarizer and the polarization direction of the laser light is substantially 
equal to 45^. 



80. (NEW) A motion detector according to claim 77 and comprising a circular polarizer that 
circularly polarizes the reflected light. 

81. (NEW) A motion detector according to claim 77 and comprising a circular polarizer that 
circularly polarizes hght in the reference beams. 

82. (NEW) A motion detector according to claim 80 wherein the first and second photodetectors 
respectively generate first and second signals responsive to reflected light and reference beam 
light incident on them, which first and second signals comprise, respectively, first and second 
signal components having a firequency equal to the Doppler firequency shift of the reflected Ught 

ft caused by motion of the body. 



83, (NEW) A motion detector according to claim 1 wherein a photodetector of the at least one 
photodetector is a polarization sensitive photodetector sensitive to light in first and second 
directions of polarization, which photodetector generates first and second signals that are 
substantially independent of each other responsive to intensity of light incident on the 
photodetector having a polarization direction parallel respectively to the first and second 
directions. 



84. (NEW) A motion detector according to claim 83 and comprising a circular polarizer that 
circularly polarizes the reflected light. 

85. (NEW) A motion detector according to claim 83 and comprising a circular polarizer that 
circularly polarizes light in the reference beams. 



86. (NEW) A motion detector according to claim 84 wherein the polarization sensitive 
photodetector receives light from a single reference beam and reflected light from a sensor beam, 
both reference and sensor beams being generated by light from a same single laser of the at least 
one laser, and wherein the first and second signals have first and second signal components 
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characterized by a frequency equal to a Doppler frequency shift of the reflected light caused by 
motion of the body. 

87. (NEW) A motion detector according to claim 82 wherein the circuitry determines which of the 
first and second signal components leads the other and if the first signal component leads the 
second signal component determines a first direction for a component of motion of the body that 
generates the Doppler shift and if the second signal component leads the first signal component 
determines a second direction for the component of motion which second direction is opposite the 
first direction. 

88. (NEW) A motion detector according to claim 1 wherein the at least one laser comprises a 
pluraUty of lasers. 

H 89. (NEW) A motion detector according to claim 88 wherein at least one of the lasers of the 

III 

H pluraUty of lasers provides light having a wavelength different fixmi Ught provided by another 

HI 

^ laser of the plurality of lasers. 

# 

p 90. (NEW) A motion detector according to claim 1 wherein hght provided by a laser of the at least 
one laser is IR light. 

III 91. (NEW) A motion detector according to claim 1 and comprising at least one source of visible 
light, wherein when the at least one source is timied on, light from the source illuminates at least 
one region of the surveillance zone that is illuminated by light from a sensor beam of the at least 
one sensor beam. 

92. (NEW) A motion detector according to claim 1 wherein the at least one reference beam does 
not extend into the surveillance zone. 

93. (NEW) An intruder detection system for detecting presence of an intruder in a surveillance 
zone comprising a motion detector according to claim 1 wherein if the motion detector senses 
motion of a body in the surveillance zone, the circuitry determines if the Doppler shift is 
characteristic of motion of an intruder, and if it does generates a signal indicating presence of an 
intruder in the surveillance zone. 
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94. (NEW) Apparatus for guarding an object against theft or damage comprising a motion detector 
according to claim 1 wherein at least one sensor beam of the motion detector is incident on the 
object and, if the object exhibits aberrant motion, generates an alarm. 

95. (NEW) Apparatus for monitoring health status of a person comprising a motion detector 
according to claim 1 wherein at least one sensor beam of the motion detector is incident on the 
person and, if the person exhibits aberrant motion, generates an alarm. 

96. (NEW) Apparatus according to claim 95 wherein the person is a baby and wherein a sensor 
beam of the motion detector is incident on the baby so as to detect breathing motions of the baby 
and if the breathing motions exhibit aberrance generates an alarm. 

97. (NEW) A method according to claim 42 wherein determining a Doppler shift comprises: 

coherently mixing the reflected light with Ught from at least one reference beam to 

ll -ii 

Li, generate at least one mixed signal; and 

determining whether the at least one mixed signal comprises a signal component having a 
Q frequency equal to a Doppler frequency shift characteristic of a component of motion of the 
object 

flji 98. (NEW) A method according to claim 42 and comprising introducing a predetermined offset 
frequency shift in the received Ught that is larger than an expected Doppler shift generated by a 
component of motion of the object, so that the received light has a difference in frequency with 
respect to the reference beam light that is equal to the sum of the offset frequency shift and the 
Doppler shift generated by the component of motion of the object. 

99. (NEW) A method according to claim 42 and comprising introducing a predetermined offset 
frequency shift in reference beam light that is larger than an expected Doppler shift generated by a 
component of motion of the object, so that a difference in frequency between the received Ught 
and the reference light is equal to the sum of the offset frequency shift and the Doppler shift 
generated by the component of motion of the object. 
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100. (NEW) A method according to claim 99 comprising determining a direction of the 
component of motion of the object that generates the Doppler shift responsive to whether the 
magnitude of the difference in frequency between the received light and the reference light is 
greater than or less than the offset frequency shift. 

101. (NEW) A method according to claim 96 wherein light provided by the laser is hnearly 
polarized and comprising circularly polarizing at least a portion of the reflected light. 

102. (NEW) A method according to claim 101 and comprising linearly polarizing Ught in a first 
and second reference beam of the plurality of reference beams in first and second directions 
respectively. 



103. (NEW) A method according to claim 102 and comprising hnearly polarizing first and second 
P portions of the circularly polarized reflected light in the first and second directions and coherently 
1^5; mixing the first and second portions of the reflected hght with hght in the first and second 
reference beams respectively so as to generate first and second mixed signals. 

^ ■ . 

pi 104. (NEW) A method according to claim 96 wherein light provided by the laser is linearly 
polarized and comprising circularly polarizing light in a first and a second reference beam of the 
J' plurality of reference beams. 

Ill 

105. (NEW) A method according to claim 104 and comprising hnearly polarizing first and second 
portions of the reflected light in first and second directions respectively. 

106. (NEW) A method according to claim 105 and comprising linearly polarizing the circularly 
polarized Ught in the first and second reference beams in the first and second directions 
respectively and coherently mixing the linearly polarized reference beam light with the first and 
second portions of the reflected light respectively so as to generate first and second mixed signals. 



107. (NEW) A method according to claim 106 and comprising determining first and second signal 
components respectively of the first and second mixed signals that have a frequency equal to the 
Doppler shift of the received light. 
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108. (NEW) A method according to claim 107 comprising determining a direction of the 
component of motion of the object that generates the Doppler shift responsive to which of the first 
and second signal components leads the other, 

109. (NEW) A method according to claim 42 wherein the laser provides Unearly polarized light 
and comprising: 

circularly polarizing Hght firom the laser or the reflected light; 

mixing the circularly polarized laser or reflected light with, respectively, the reflected or 
laser light that has not been circularly polarized; 

generating first and second mixed signals responsive to mixed light in first and second 
polarization directions respectively; 

determining first and second signal components respectively of the first and second mixed 
r ii signals that have a firequency equal to the Doppler shift of the received light; and 
J':;; determining a direction of the component of motion of the object that generates the 

1^ Doppler shift responsive to which of the first and second signal components leads the other. 
1^ 

w 110, (NEW) A method according to claim 101 and comprising detecting the direction of 
p polarization of the linearly polarized light provided by the laser. 

111. (NEW) A method for determining presence of an intruder in a surveillance zone comprising 
III detecting motion of the intruder according to claim 42. 

112. (NEW) A method for monitoring status of an object in a surveillance zone comprising 
detecting motion of the object according to claim 42 and if the object exhibits aberrant motion 
generating a signal indicating the occurrence of the aberrant motion. 

113. (NEW) A method for monitoring healtii and status of a person in a surveillance zone 
comprising detecting motion of the person according to claim 42 and, if the person exhibits 
aberrant motion, generating a signal indicating the occurrence of the aberrant motion. 

REMARKS 

The present application is a U.S. national application of PCT/ILOO/00421. The present 
amendments, based on the claims attached to the IPER, and, for those claim pages not attached to 
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the IPER, the originally filed claims, have been made to place the application in proper US form. 

The appUcation contains claims 1-113. Claims 3-6, 9-11, 14-17, 19, 22, 24-28, 31-33, 35- 
40, 45, 47-51, 54, 57 and 59-63 are amended herewith and new claims 64-113 are added. The 
original claims contained multiple dependencies, which have been removed by this amendment. 
The additional claims are added to increase the coverage of some of these dependent claims. 

A marked-up version of the amended claims is attached hereto. 

An action on the merits is respectfully awaited. 



y January 14, 2002 

1^^' William H. Dippert, Esq. 

Ill Cowan, Liebowitz and Latman, P.C. 

1133 Avenue of the Americas 
# New York, NY 10036-6799 



Respectfully submitted, 
UriKINROT 




Paul FENSTER 
Reg. No. 33,877 




Tel: (212)790-9200 
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MARKED UP AMENDED CLAIMS 

3. (Amended) A motion detector according to claim 1 [or claim 2] wherein the plurality of sensor 
beams is formed by light that is forward distributed by the distributor. 

4. (Amended) A motion detector according to [any of the preceding claims] claim 1 wherein for 
each sensor beam of the plurality of sensor beams produced by the distributor the distributor 
produces a mirror image reference beam. 

5. (Amended) A motion detector according to [any of claims 1-4] claim 1 wherein the distributor 
comprises a surface on which light received from the at least one laser is incident, which surface 
has a partially reflecting layer that controls how much of the Ught from the at least one laser is 
distributed to the at least one reference beam and how much is distributed to the plurality of 

S sensor beams. 

f lj: 6. (Amended) A motion detector according to [any of claims 1-5] claim 1 wherein the distributor 
^; comprises a diffraction grating. 

f! 8. (Amended) A motion detector according to [any of claims] claim 7 wherein the at least one 
sensor beam comprises a plurality of sensor beams. 

9. (Amended) A motion detector according to [any of claims 1-6, or] claim 8 wherein the 
plurality of sensor beams comprises at least three sensor beams and at least three of the sensor 
beams are coplanar. 

10. (Amended) A motion detector according to [any of claims 1-6, or] claim 8 [or 9] wherein the 
plurality of sensor beams comprises at least three sensor beams and at least one of the plurality of 
sensor beams is not coplanar with at least two of the other sensor beams. 

11. (Amended) A motion detector according to [any of claims 1-10] claim 7 wherein the at least 
one reference beam comprises a plurality of reference beams. 



14. (Amended) A motion detector according to [any of claims 1-10] claim 7 wherein the at least 
one photodetector is a single photodetector, 
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15. (Amended) A motion detector according to [any of claims 1-14] claim 7 and comprising a 
motor or actuator that cyclically moves the hght distributor back and forth in a given direction so 
that frequency of hght in the at least one reference beam is shifted by a predetermined frequency 
shift. 

16. (Amended) A motion detector according to [any of claims 1-14] claim? comprising an optical 
frequency shifter through which light reflected from the body passes, which optical frequency 
shifter generates a predetermined frequency shift in the frequency of the reflected light. 

17. (Amended) A motion detector according to claim 15 [or claim 16] wherein the predetermined 
frequency shift is greater than an expected Doppler shift of the reflected light caused by motion of 
the body. 

19. (Amended) A motion detector according to claim 12 [or claim 13] and comprising a first and a 
second linear polarizer through which light that is incident on a first and a second photodetector 
respectively of the plurality of photodetectors passes. 

22. (Amended) A motion detector according to [any of claims 19-21] claim 19 wherein the 
reference beams that are incident on the first and second photodetectors are generated by the 
distributor from light from a same laser of the at least one laser, which laser provides linearly 
polarized light. 

24. (Amended) A motion detector according to claim 22 [or claim 23] wherein an angle between 
the polarization direction of the first linear polarizer and the polarization direction of the laser 
light is substantially equal to 45^. 

25. (Amended) A motion detector according to [any of claims 22-24] claim 22 and comprising a 
circular polarizer that circularly polarizes the reflected light. 

26. (Amended) A motion detector according to [any of claims 22-24] claim 22 and comprising a 
circular polarizer that circularly polarizes light in the reference beams. 
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27. (Amended) A motion detector according to claim 25 [or claim 26] wherein the first and second 
photodetectors respectively generate first and second signals responsive to reflected light and 
reference beam light incident on them, which first and second signals comprise, respectively, first 
and second signal components having a firequency equal to the Doppler firequency shift of the 
reflected light caused by motion of the body. 

28. (Amended) A motion detector according to [any of claims 1-13] claim 7 wherein a 
photodetector of the at least one photodetector is a polarization sensitive photodetector sensitive to 
light in first and second directions of polarization, which photodetector generates first and second 
signals that are substantially independent of each other responsive to intensity of light incident on 
the photodetector having a polarization direction parallel respectively to the first and second 
directions. 

g 31. (Amended) A motion detector according to claim 29 [or claim 30] wherein the polarization 
14 sensitive photodetector receives Hght from a single reference beam and reflected light fix)m a 

■I .Si 

P sensor beam, both reference and sensor beams being generated by hght fi-om a same single laser of 
W the at least one laser, and wherein the first and second signals have first and second signal 
p components characterized by a fi-equency equal to a Doppler frequency shift of the reflected hght 
1^: caused by motion of the body. 

^ 32. (Amended) A motion detector according to claim 27 [or claim 31] wherein the circuitry 
determines which of the first and second signal components leads the other and if the first signal 
component leads the second signal component determines a first direction for a component of 
motion of the body that generates the Doppler shift and if the second signal component leads the 
first signal component determines a second direction for the component of motion which second 
direction is opposite the first direction, 

33. (Amended) A motion detector according to [any of claims 1-32] claim 7 wherein the at least 
one laser comprises a plurality of lasers. 

35. (Amended) A motion detector according to [any of claims 1-34] claim 7 wherehi light 
provided by a laser of the at least one laser is IR light. 
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36. (Amended) A motion detector according to [any of claims 1-35] claim 7 and comprising at 
least one source of visible light, wherein when the at least one source is tumed on, hght from the 
source illuminates at least one region of the svu^eillance zone that is illimiinated by light from a 
sensor beam of the at least one sensor beam. 

37. (Amended) A motion detector according to [any of claims 1-36] claim 7 wherein the at least 
one reference beam does not extend into the surveillance zone. 

38. (Amended) An intruder detection system for detecting presence of an intruder in a surveillance 
zone comprising a motion detector according to [any of claims 1-37] claim 7 wherein if the 
motion detector senses motion of a body in the surveillance zone, the circuitry determines if the 
Doppler shift is characteristic of motion of an intruder, and if it does generates a signal indicating 

Q presence of an intruder in the surveillance zone. 

y 

39. (Amended) Apparatus for guarding an object against theft or damage comprising a motion 

HI 

detector according to [any of claims 1-37] claim 7 wherein at least one sensor beam of the motion 
detector is incident on the object and, if the object exhibits aberrant motion, generates an alarm. 

El • 

'■'t^ 40. (Amended) Apparatus for monitoring health status of a person comprising a motion detector 
^;^ J according to [any of claims 1-37] claim 7 wherein at least one sensor beam of the motion detector 
III is incident on the person and, if the person exhibits aberrant motion, generates an alarm. 

45. (Amended) A method according to claim 43 [or claim 44] wherein the at least one reference 
beam comprises a plurality of reference beams. 

47. (Amended) A method according to [any of claims 42-46] claim 46 wherein determining a 
Doppler shift comprises: 

coherently mixing the reflected light with light from at least one reference beam to 
generate at least one mixed signal; and 

determining whether the at least one mixed signal comprises a signal component having a 
frequency equal to a Doppler frequency shift characteristic of a component of motion of the 
object. 
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48. (Amended) A method according to [any of claims 42-47] claim 46 and comprising introducing 
a predetermined offset frequency shift in the received hght that is larger than an expected Doppler 
shift generated by a component of motion of the object, so that the received hght has a difference 
in frequency with respect to the reference beam light that is equal to the sum of the offset 
frequency shift and the Doppler shift generated by the component of motion of the object. 

49. (Amended) A method according to [any of claims 42-47] claim 46 and comprising introducing 
a predetermined offset frequency shift in reference beam light that is larger than an expected 
Doppler shift generated by a component of motion of the object, so that a difference in frequency 
between the received light and the reference light is equal to the sum of the offset frequency shift 
and the Doppler shift generated by the component of motion of the object. 

IP 50. (Amended) A method according to claim 48 [or claim 49] comprising deteraiining a direction 
|j of the component of motion of the object that generates the Doppler shift responsive to whether 
^= the magnitude of the difference in frequency between the received Ught and the reference light is 
greater than or less than the offset frequency shift. 

gl 51. (Amended) A method according to claim 45 [or claim 46] wherein Ught provided by the laser 
is Unearly polarized and comprising circularly polarizing at least a portion of the reflected Ught. 

Uli 54. (Amended) A method according to claim 45 [or claim 46] wherein light provided by the laser 
is line^ly polarized and comprising circularly polarizing light in a first and a second reference 
beam of the plurality of reference beams. 

57. (Amended) A method according to claim 53 [or claim 56] and comprising determining first 
and second signal components respectively of the first and second mixed signals that have a 
frequency equal to the Doppler shift of the received light. 

59. (Amended) A method according to [any of claims 42-47] claim 46 wherein the laser provides 
linearly polarized light and comprising: 

circularly polarizing light from the laser or the reflected light; 

mixing the circularly polarized laser or reflected light with, respectively, the reflected or 
laser light that has not been circularly polarized; 
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generating first and second mixed signals responsive to mixed light in first and second 
polarization directions respectively; 

determining first and second signal components respectively of the fixst and second mixed 
signals that have a fi-equency equal to the Doppler shift of the received light; and 

determining a direction of the component of motion of the object that generates the 
Doppler shift responsive to which of the first and second signal components leads the other. 

60. (Amended) A method according to [any of claims 51-59] claim 51 and comprising detecting 
the direction of polarization of the linearly polarized light provided by the laser. 

61. (Amended) A method for determining presence of an intruder in a surveillance zone 
comprising detecting motion of the intruder according to [any of claims 42-60] claim 46 . 

fft 62. (Amended) A method for monitoring status of an object in a surveillance zone comprising 
detecting motion of the object according to [any of claims 42-60] claim 46 and if the object 
exhibits aberrant motion generating a signal indicating the occurrence of the aberrant motion. 

f 

p 63. (Amended) A method for monitoring health and status of a person in a surveillance zone 
r comprising detecting motion of the person according to [any of claims 42-60] claim 46 and, if the 
g person exhibits aberrant motion, generating a signal indicating the occurrence of the aberrant 
li ii motion. 
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LASER MOTION DETECTORS 
FIELD OF THE INVENTION 

The present invention relates to motion detectors using lasers and especially to 
application of such motion detectors in intruder detection systems. 

BACKGROUND OF THE INVENTION 

Intruder detection systems for detecting the presence and movement of an intruder in an 
area or volume of space, hereinafter referred to as a "surveillance zone", are well known in the 
art. Such systems are used for example to protect homes and businesses from unauthorized 
entry and in less sinister applications to detect an individual's presence in a room. 

Various different types of intruder detection systems exist and they employ different 
technologies to detect an intruder. Common among these detection systems are different types 
of active and passive infrared (PIR) detection systems, systems that use microwaves for 
detection and systems that use acoustic waves. Less common are intruder detection systems 
using laser light. 

All of the various detection systems have to contend with providing high efiSciency for 
detecting an intruder while providing a low rate of felse alarms (Le. a low rate of "detecting" 
intruder that are not there). Generally as components in a detection system provide higher 
sensitivity for detecting changes in a surveillance zone caused by an intruder, the system has to 
provide more sophisticated and complicated stratagems to prevent false alarms and assure 
reliable system operatioxL 

For example, PIR detection systems are particularly sensitive to changes in smsitivity 
of IR detectors caused by changes in ambient temperature and these systems are generally 
designed with means for adjustmg system components responsive to these changes. The ability 
of an IR detection system to detect an intruder is also often affected by what the mtruder wears 
and how fee intruder moves in a surveillance zone protected by the system. Radio frequency 
(REO detection systems, while not particularly sensitive to ambient temperature, have to 
contend wife RF background noise from a plethora of devices and appHances that can interfere 
wife reliable operation, Sunilarly, acoustic systems generally operate in noisy environments 
that can affect fee reUability wife which these systems operate. Often intruder detection 
systems use two different types of detection technologies in order to reduce false alarms and 
improve system reliability. 

A PIR detection system is described in US Patent 5,629,676 to Kartoun, et aL The 
system comprises a temperature sensor and adjusts a detection threshold of components in fee 
system responsive to changes in ambient temperature. A "dual" detection system is described in 
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US Patent 5,684,458 to Calvarese. A detection system described in this patent comprises both 
an RF Doppler detection subsjrstem and a PIR detection subsystem. An alarm is taised 
indicating an intruder only whm the RF detection subsystem and the PIR subsystem 
simultaneously indicate the presence of an intruder. 

A laser detection system described in US patent 5,910,767 to Fracht uses a laser beam 
to continuously scan a surveillance zone. Reflectivities with which objects and features in the 
surveillance zone reflect light from the laser beam and distances to the features and objects are 
measured using the laser beam and stored. During subsequent scans with the laser beam, 
distances to the objects and features and reflectivities with which they reflect laser light are 
compared to the stored distances and reflectivities and analyzed to determine whether or not an 
intruder is present in the surveillance zone. Scanning is accomplish^ by mechanically rotating 
a mirror that reflects the laser beam into the surveillance zone. 

The use of Doppler shifting, and in particular Doppler shifting of ligiit for detecting 
motion is well known in the art US Patent 4,61 1,912 to Falk describes a method and apparatus 
for optically measuring velocity of an object and distance to the object. The velocity is 
determined by measuring the amount by which the velocity of the object Doppier-shifts light 
from a laser diode. 

SUMMARY OF THE BNVENTION 

An aspect of some embodiments of the present invention relates to providing an 
improved intruder detection system that provides higji detection efSciency and low false alarm 
rale and that is relatively inexpensive and simple to produce and maintain. 

An aspect of some embodiments of the present invention relates to providing a 
detection system comprising a pluraUty of in-phase laser beams that simultaneously illuminate 
different portions of a surveillance zone. If movement is detected in one or more of the laser 
beams, a signal is generated indicating the intrudes presence. 

According to an aspect of some embodiments of the present invention, Doppler shifts in 
the frequency of light reflected from a laser beam of the plurality of laser beams, by an intruder 
moving in the surveillance zone, are used to detect the intruder. 

An intruder detection system, in accordance with an embodiment of fee present 
invention comprises a laser and at least one phptodetector sensitive to light radiated by the 
laser. Light from the laser is incident on a means for diffracting light, hereinafter referred to as 
a "diffractor", such as diffiraction grating or suitable holographic diffraction plate. Preferably, 
most of the laser light that is incident on the dififractor is forward-diffracted into a plurality of 
laser beams, hereinafter referred to as "sensor beams". The sensor beams spread out from the 
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dif&actor and extend into difGsrent regions of the volume of a surveillance zone protected by 
the intruder system. Preferably a anall portion of the incident laser light is back-dififracted by 
the diffiactor into one or more beams, and preferably a plurality of beams, hereinafter referr^ 
to as "reference beams". Each reference beam is detected by a photodetector of the at least one 
photodetector. In some embodiments of the present invention the at least one photodetector 
comprises a plurality of photodetectors and each reference beam is detected by a different one 
of the plurality of photodetectors. 

If a SOTsor beam illuminates an intruder present and moving in the surveillance zone, 
light from the sensor beam is reflected back to the dif&actor. Some of the reflected light is 
difi&acted by the dif&actor onto one or more of the photodetectors. Each of the photodetectors 
generates an output signal responsive to both reference beam light and light reflected from the 
sensor beam that is incident on the photo-sensor. However, the frequency of the reflected light 
is generally Doppler shifted by the movement of the intruder. As a result, the output signal 
from each photodetectors has a signal component, hereinafter referred to as a "Doppler signal" 
characterized by the Doppler shift frequency, which Doppler shift frequency is detemiined 
from the Doppler signal using methods known in the art If a determined Doppler shift 
frequency has a value that lies within a range of values that are indicative of the motion of an 
intruder, and is characteristic of intruder motion, the detection system generates an output 
signal indicating an intruder's presence. 

In some embodiments of the present mvention, a particular value for a Doppler shift 
frequency is not det«mined or required in order for the intruder detection system to generate an 
output signal indicating an intrader's presence. An ou^ut signal is generated if an amount of 
©uergy in output sigiuds from photodetectors is greater than a predetermined mintTttiim 
threshold quantity of energy in a band of frequencies characteristic of Doppler shift frequencies 
caused by an intruder. Depending upon the purpose for which the intruder system is being 
used, the output signal indicating the intruder's presence may, for example, generate an alami, 
turn on an z^pliance or open a door - or just wish the intruder a nice day. 

According to an a^ect of some embodiments of the present invention, light reflected 
by an intmder from a sensor beam illuminating the surveillance zone is used to determine both 
a magnitude and a direction of a component of motion of the intruder in the surveillance zone. 

In some embodiments of the present invention, the dif&actor is mechanically vibrated 
back and forth in a direction perpendicular to the plane of the dif&actor. This Doppler shifts the 
frequency of the reference beams by an "offset Doppler-shift" that depends upon the velocity of 
the dif&actor. When a photodetector receives light reflected from a sensor beam by a moving 
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intruder (or object) it generates a Doppler signal having a Doppler frequency that is flie sum of 
the ofiset Doppler frequency and a Doppler shift frequency caused in the reflected light by the 
intruder's motion. If the Doppler frequency of the Doppler signal is less than the offset Doppler 
shift, the intruder is moving with a component of velocity in the durection of motion of the 
difl&actor. If the Doppler frequency of the Doppler signal is greater than the ofifeet Doppler 
shift, flie intruder is moving with a component of velocity in a direction opposite to the 
direction of motion of the difi&actor. The magnitude of the component of velocity is determined 
from the magnitude of the Doppler frequency of the Doppler signal and the known magnitude 
of the offset Doppler shift. As a result, a component, towards or away from the intruder 
detection system, of the motion of the intruder can be detOTnined, in accordance with an 
embodiment of the present invention, from the Doppler frequency of the photodetector Doppler 
signal and the direction of motion of the diffractor. 

In some embodiments of the present invention, the component of motion of the intruder 
is determined by introducing a time dependent phase shift into light reflected by an intruder. 
The time dependent phase shift appears as a frequency shift, an offset Doppler shift, in intruder 
reflected light. A Doppler frequency of a Doppler signal generated by a photodetector that 
receives the intruder reflected light is greater than or less than the offeet Doppler shift 
graerated by the phase shift dq>endmg upon the direction of motion of the intmder. For 
example, if the time dqjmdent phase shift increases the frequency of intrude reflected light 
and the intruder is moving towards or away from the source of the sensor beams, the beat 
frequency will respectively increase or decrease. Methods for introducing time dependent 
phase shifts in light are known in flie art. For example, a tune dependent phase drift can be 
introduced into mtruder reflected Ught by passing sensor beam light and intruder reflected light 
through a plate of piezoelectric material whose optical length is controlled by an electric field. 

In some embodiments of the present invention, quadrature detection is used to 
detemune flie component of motion of an intruder. Reflected sensor light from an intruder 
passes through a linear polarizer and quarter wave plate so that it becomes circularly polarized. 
The circularly polarized reflected light is filtered through a first polarizer having its 
polarization axis along a first direction and focused on a first photodetector of the plurality of 
photodetectors. The circularly polarized reflected light is also filtered through a second 
polarizer having its polarization axis along a second direction and focused on a second 
photodetector of the plurality of photodetectors. The first and second polarization directions are 
optimally perpendicular to each other. As a result, reflected light reaching the first 
photodetector is 90^ out of phase with respect to that reaching the second photodetector. The 
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Doppier signals from the first and second photodetectors are therefore 90° out of phase with 
respect to each oflier and function as a pair of "Doppier quadrature signals". One of the 
quadrature signals leads the other. Which one leads dqjends upon whether the fiequaicy of the 
reflected sensor beam light is Dopplw shifted vip or down, which of course depends upon the 
direction of motion of the intruder. Therefore, by determining which of the quadrature Doppier 
signals leads the other it is possible to detennine whether the reflected sensor beam light is 
Doppier diifted up or down. The direction of motion of the intruder is towards or away fiom 
the source of the sensor beams if the frequency of the reflected sensor beam li^t is Doppier 
shifted rei^ectively up or down. 

According to an aspect of some embodiments of flie present invention a vertical cavity 
surfece-emittmg laser (VGSEL) is used to provide light in an intruder detection system. These 
lasers are relatively inexpensive, efficient sources of laser light having coherence lengths 
suitable for detecting intruders at distances required for many intruder detection applications. 

In some embodiments of the invention, VCSELs are used in systems with quadrature 
detection. However, quadrature detection requires knowing the direction of polarization of laser 
light provided by the laser. Polarization direction of light emitted by a VCSEL is not always 
known until the VCSEL has been installed m a system in which it is to ftuiction, and after 
installation the polarization direction may flip fiom one to the other of two orthogonal 
polarization directions. Therefore, in embodiments of the present invention using quadrature 
detection and a VCSEL, light emitted by the VCSEL is monitored so that its direction of 
polarization is known when quadrature detection measuranaits are performed. 

An aspect of some embodiments of the present invention relates to providing a system, 
hereinafter referred to as a "saitinel system" for protecting a valuable object, such as for 
exaxnple, a painting or artifiict in a museum, against &eft. 

Laser intruder detection ^^stems, in accordance witii some embodiments of the present 
invention, provide sensitive discrimination between various different forms and magnitudes of 
motion. As a result, sudh detection systems are well suited for use as sentinel systems. They are 
capable of distinguishing everyday motions and vibrations of an object from motion indicating 
tiie object is being purioined and fliereby can provide reliable protectiou of an object with a 
rel^vely low rate of false alanns. Furthermore, for a delicate artifect or object subject to 
damage by vibration they can be used to sound an alarm if vibrations of flie object reach an 
intensity or rate of occurrence that is liable to damage the object. 

An aspect of some embodiments of the present invention relates to providing a sentinel 
system, hereinafter referred to as a "lifeguard sentinel", for monitoring status and well being of 
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a person, such as for example a sleeping baby or a bed ridden or wheel chair patient, by 
monitoring the person's motion. 

A lifeguard sentinel, in accordance with an embodiment of the present invention 
comprises a laser intruder detection system m accordance with an embodiment of the present 
5 invention adapted to monitor motion of a person and detect aberrations in the motion. If a 
motion aberration is detected the lifeguard sentinel generates an appropriate alarm. For 
example, the hfeguard sentinel might be used to monitor breathing of a baby sleeping in a crib. 
The sentinel is positioned over the baby's crib and senses breathing motions of the baby. If the 
motions cease or otherwise exhibit aberrance indicative of a problem demanding attention, the 
10 sentinel raises an alarm. 

There is therefore provided in accordance with an embodiment of the present invention 
a motion detector for detectmg motion of a body in a surveillance zone comprising: at least one 
laser that produces laser light; at least one photodetector that generates signals responsive to 
3 light incident thereon; a light distributor that receives laser light from a laser of the at least one 
y laser and distributes a portion of the light mto a plurality of sensor hght beams that extend into 
l/l the surveillance zone and a portion of the light into at least one reference light beam that is 
incident on a region of the at least one photodetector, wherein the distributor is positioned and 
configured so that light reflected from a sensor beam by an object in the surveillance zone is 
received by the distributor and directed onto said region of the at least one photodetector, and 
p circuitry that receives signals generated by the at least one photodetector and processes the 
g signals to determine if reflected light incident on the at least one detector is Doppler shifted as 
III a result of motion of the body, and if so, generates a signal indicating motion of the body. 

Optionally the at least one reference beam is formed by light that is back distributed by 
the distributor. Additionally or alternatively, the pluraUty of sensor beams is optionally formed 
25 by light that is forward distributed by the distributor. 

In some embodiments of the present invention, for each sensor beam of the plurality of 
sensor beams produced by the distributor the distributor produces a mirror image reference 
beam. 

In some embodiments of the present invention, the distributor comprises a surfece on 
30 which Hght received from the at least one laser is incident, which surface has a partially 
reflecting layer that controls how much of the light from the at least one laser is distributed to 
the at least one reference beam and how much is distributed to the plurality of sensor beams. 

In some embodiments of the present invention, the distributor comprises a diffraction 
grating. 
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There is further provided, in accordance with an embodiment of the present invention, a 
motion detector for detecting motion of a body in a surveillance zone comprising: at least one 
laser that produces laser light; at least one photodetector that generates signals responsive to 
light incident thereon; a difBraction grating that receives laser light from the at least one laser 
5 and distributes a portion of the light into at least one sensor light beam that extends into the 
surveillance zone and a portion of the light into at least one reference light beam that is 
incident on a region of the at least one photodetector, and the light distributor is positioned aud 
configured so that light reflected from a sensor beam by an object in the surveillance zone is 
received by the light distributor, and distributed onto said region of the at least one 
10 photodetector; circuitry that receives signals generated by the at least one photodetector and 
processes the signals to determine if reflected light incident on the at least one detector is 
Doppier shifted as a result of motion of the body, and if so, generates a signal indicating 
motion of the body; and who^ the light distributor comprises a diffractor. Optionally the at 
S least one sensor beam comprises a plurality of sensor beams. 

ifef^ In some embodiments of the present invention, the plurality of sensor beams comprises 

III at least three sensor beams and at least three of the sensor beams are coplanar. In some 
^ embodiments of the present invention, the plurality of sensor beams comprises at least three 
^ scDSor beams and at least one of the plurality of sensor beams is not cbplanar with at least two 
of the other sensor beams* 

In some embodiments of the presoit mvention, the at least one reference beam 

P 

p comprises a plurality of reference beams. Optionally the at least one photodetector comprises a 
plurality of photodetectors. Preferably, a different one of the plurality of reference beams is 
incident on each photodetector. 

In some embodiments of the present invention, the at least one photodetector is a single 
25 photodetector. 

la some embodiments of the present invention, the motion detector comprises a motor 
or actuator that cyclically moves the light distributor back and forth in a given direction so that 
frequency of light in the at least one reference beam is shifted by a predetemuned frequency 
shift. 

30 In some embodiments of the pr^ent invention, the motion detector comprises an optical 

frequency shifter throu^ which li^t reflected from the body passes, which optical frequency 
shifter generates a predetermined frequency shift in the frequmcy of the reflected light 

Additionally or altmiatively, the predetermined frequency shift is preferably greater 
tiian an expected Doppier shift of the reflected light caused by motion of the body. Preferably, 
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the circuitry processes signals fix>m the at least one photodetector to detemiine a frequency 
difference between the frequency of a reference beam of the at least one reference beam and the 
frequency of flie reflected light and determines that a component of motion of the body that 
generates the Doppla: shift is in a first direction if the fiequmcy difference is greater than the 
predetermined differraice and in a second direction, opposite the first direction, if the frequency 
diSerence is less than the predetermined frequency difference* 

In some embodiment of the present invention, the motion detector comprises a first 
and a second linear polarizer througji which light that is incident on a first and a second 
photodetector respectively of the plurality of photodetectors passes. Preferably, directions of 
polarization axes of the first and second polarizers are not parallel Optimally, the polarization 
axes of the first polarizer is substantially orthogonal to the axes of polarization of the second 
polarizer. 

In some embodiments of the present invention, the reference beams that are incident on 
the first and second photodetectors are generated by the distributor fix>m light from a same laser 
of the at least one laser, which laser provides linearly polarized light. Optionally, the motion 
detector comprises a polarization detector that detects the direction of polarization of the light 
from the laser. 

Additionally or altemativeiy an angle between the polarization direction of the first 
linear polarizer and the polarization direction of the laser light is, optionally, substantially equal 
to 450 

In some embodiments of the present invention, the motion detector comprises a circular 
polarizer that circularly polarizes the reflected light In some embodiments of the present 
invention, the motion detector comprises a circular polarizer that circularly polarizes light in 
the reference beams. 

In some embodiments of the present invention, the first and second photodetectors 
respectively generate first and second signals reqjonsive to reflected ligjit and reference beam 
light incident on them, which first and second signals comprise, respectively, first and second 
signal components having a fi^uency equal to the Doppler frequency shift of the reflected 
light caused by motion of the body. 

In some embodiments of the present invention, a photodetector of the at least one 
photodetector is a polarization sensitive photodetector sensitive to light in first and second 
dfrections of polarization, which photodetector generates first and second signals that are 
substantially independent of each other responsive to intensity of light incident on the 
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photodetector having a polarization direction parallel respectively to the first and second 
directions. 

Optionally, the motion detector comprises a circular polarizer that circularly polarizes 
the reflected light. Alternatively, the motion detector optionally comprises a circular polarizer 
5 fliat cinnilarly polarizaes light in the referace beams. 

In some embodiments of the present invention, the polarization sensitive photodetector 
receives light fiom a single reference beam and reflected light from a sensor beam, both 
reference and sensor beams being generated by light from a same single laser of the at least one 
laser, and wherein the first and second signals have first and second signal components 
10 characterizoi by a frequency equal to a Doppler frequency shift of the reflected light caused by 
motion of the body. 

In some embodiments of flie present invention, the circuitry deteraiines which of the 
^ first and second signal components leads the other and if the first signal component leads the 
p second signal component detennines a first direction for a component of motion of the body 
l# that generates the Doppler shift and if the second signal component leads the first signal 
component detennines a second direction for the component of motion which second direction 
^ is opposite the first direction. 

§ In some embodiments of the present invention, the at least one las^ comprises a 

^ plurality of lasers. Optionally, at least one of the lasers of tiie plurality of lasers provides light 
M having a wavelength different from Ught provided by another laser of the plurality of lasers, 
p In some embodiments of the pr^ent invention li^ provided by a laser of the at least 

ft^ one laser is IR Ught. 

In some embodiments of the present invention, the motion detector comprises at least 
one source of visible ligh^ wherein when the at least one source is turned on, light &om the 
25 source illuminates at least one region of the surveillance zone tiiat is illuminated by light fiom 
a s^or beam of the at least one sensor bemi. 

hi some embodunents of tiie present invention, tiie at least one reference beam does not 
extrad into tiie surveillance zone. 

There is fiuther provided in accordance with an embodiment of the presmt invention an 
30 intruder detection system for detecting presence of an intruder m a surveillance zone 
comprising a motion detector according to an wnbodiment of the present invention wherein if 
the motion detector senses motion of a body in the surveillance zone, tiie circuitry detennines if 
the Doppler shift is characteristic of motion of an intruder, and if it does generates a signal 
indicating presence of an intruder in the surveillance zone. 

9 
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There is further provided in accordance wifli an embodiment of the present invention 
apparatus for g u ar d ing an object against theft or damage comprising a motion detector 
according to an embodiment of the present invention wherein at least one sensor beam of the 
motion detector is incident on the object and, if the object exhibits aberrant motion, generates 
an alarm. 

There is further provided in accordance with an embodiment of the preset invention 
^aratus for monitoring health status of a person comprising a motion detector accoiding to an 
embodiment of the present invention wherein at least one sensor beam of the motion detector is 
incident on the person and, if the person exhibits aberrant motion, generates an alarm. In some 
embodiments of the present invention the person is a baby and a sensor beam of the motion 
detector is incident on the baby so as to detect breathing motions of the baby and if the 
breathing motions exhibit aberrance generates an alarm. 

There is further provided in accordance with an embodiment of the present invention a 
method of detecting motion of an object in a surveillance zone comprising: diffracting light 
from a laser of at least one laser to generate at least one sensor beam of laser light that 
illuminates the surveillance zone; receiving light from a sensor beam of the at least one sensor 
beam that is reflected by the object; and determining whether the received hght is Doppler 
shifted by a frequency generated by a component of motion of the object 

There is further provided in accordance with an embodiment of the preset invention a 
method of detecting motion of an object in a surveillance zone comprising: generating a 
plurality of sensor beams of laser Ught from light provided by a laser that illumiziate the 
surveillance zone; recdving Ught from a beam of the plurality of beams that is reflected by the 
object; and determining whether the reflected light is Doppler shifted by a component of 
motion of the object. 

Optionally, generating a plurality of sensor beams comprises diffracting light from the 

laser. 

In some embodiments of the present invention, determining a Doppler shift comprises 
generatmg at least one reference Ught beam from Ught provided by the laser and detenmning 
whether the reflected li^t is Doppler shifted with respect to the Ught in a refermce beam of the 
at least one reference beam. 

Optionally, generating at least one reference beam comprises diffracting light from the 
laser. Altematively or additionally the at least one reference beam optionally comprises a 
pluraUty of reference beams. 
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There is further provided in accordance with an embodiment of the present invention a 
method of detecting motion of an object in a survdllance zone comprising: generating at least 
one sensor beam of laser light from light provided by a laser that illmninates the surveillance 
zone; generating a plurality of reference bean:is of light from a portion of the light provided by 
the laser; receiving light from a sensor beam of the at least one sensor beam, v/tdch is generated 
from light from the laser, that is reflected by the object; and determining virhether the reflected 
light is Doppler shifted with respect to light in each of the reference beams by a component of 
motion of the object. 

In some embodiments of the present invmtion, determining a Doppl^ shift comprise: 
coherently mixing the reflected light with li^t from at least one reference beam to generate at 
least one mixed signal; and detenxiining whether the at least one mixed signal comprises a 
signal consponent having a frequency equal to a Doppler frequency shift characteristic of a 
component of motion of the object 

la some embodiments of the present invention, the method comprises introducing a 
predetermined offeet frequency shift in the received light that is larg^ than an expected 
Doppler shift generated by a component of motion of the object, so that the received light has a 
difference in frequency with respect to the reference beam light that is equal to the sum of the 
offset frequency shift and the Doppler shift generated by the component of motion of the 
object. 

In some embodiments of the present invention, the method comprises introducing a 
predetermined offset frequency shift in reference beam light that is larg^ than an expected 
Doppler shift generated by a component of motion of the object, so that a difference in 
frequency between the received light and the reference light is equal to the sum of the offeet 
frequency shift and the Doppler shift generated by the component of motion of the object 

In some embodiments of the present invention, the method comprises determining a 
direction of the component of motion of the object that generates the Doppler shift responsive 
to whether the magnitude of tiie difference in fi^quency between the received ligiht and the 
refer^ce light is greater than or less than the offset frequency shift. 

In some embodiments of the present invention, ligiht provided by the laser is linearly 
polarized and the me&od comprises circularly polarizing at least a portion of the reflected 
light Preferably, the method comprises linearly jpolaiizing light in a first and second refermce 
beam of the plurality of reference beams in first and second directions respectively. Preferably, 
the method comprises linearly polarizing first and second portions of the circularly polarized 
reflected light in the first and second directions and coherently mixing the Sxsi and second 
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portions of the reflected light with light in the first and second reference beams respectively so 
as to goierate Sist and second mixed signals. 

In some embodimeiLts of the present invention, light provided by the laser is linearly 
polarized and the method comprises circularly polarizing light in a jfirst and a second reference 
beam of the pluralily of reference beams* Preferably, the method comprises linearly polarizing 
first and second portions of the reflected light in first and second directions respectively. 
Preferably, the method comprises linearly polarizing flie chrcularly polarized li^t in the first 
and second reference beams in the first and second directions respectively and coherently 
mixing the linearly polarized reference beam light with the first and second portions of the 
reflected light respectively so as to generate first and second mixed signals. 

In some embodiments of the present invention, ia which first and second mixed signals 
are generated, the method comprises detennining first and second signal components 
respectively of &e first and second mixed signals that have a firequency equal to the Doppler 
shift of the received light. Preferably, the method comprises determimng a direction of the 
component of motion of the object that generates the Doppier shift responsive to which of the 
first and second signal components leads the other. 

In some embodiments of the present invention, the laser provides linearly polarized 
light and the method comprises: circularly polarizing light firom the laser or the reflected light; 
mixing the circularly polarized laser or reflected light with, respectively, the reflected or laser 
light that has not been circularly polarized; generating first and second mixed signals 
responsive to mixed light in first and second polarization directions respectively; detennining 
first and second signal components respectively of the first and second mked signals that have 
a firequency equal to the Doppler shift of the received light; and detennining a direction of the 
component of motion of the object that generates the Doppler shift responsive to which of the 
first and second signal components leads the oth^. 

In some embodiments of the present invration, the method comprises detecting the 
direction of polarization of the linearly polarized light provided by the laser. 

There is fiarfher provide a method for determining presence of an intruder in a 
surveillance zone comprising detecting motion of the intruder using a metihiod in accordance 
with an embodiment of the present invention. 

There is fiarther provided a method for monitoring staliis of an object in a surveillance 
zone comprising detecting motion of the object using a method in accordance with an 
embodiment of the present invention and, if the object ^diibits aberrant motion generating a 
signal indicating the occurrence of the abenant motion. 
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Thoi^ is further provided a method for monitoring health and status of a peison in a 
surveillance zone comprising detecting motion of the person using a method in accordance 
with an embodimrat of the present invention and, if the person exhibits aberrant motion, 
generating a signal indicating the occurrence of the aberrant motion. 

BRIEF DESCRIPTION OF FIGURES 

Non-lixmting embodiments of the present invention are described below with reference 
to figures attached hereto. In the figure identical structures, elemrats or parts which ^pear in 
more than one figure are labeled with the same numeral in all the figures in which they appear. 
Dimensions of components and features shown in the figures are chosen for convenience and 
clarity of presentation and are not necessarily shown to scale. The figures are listed below. 

Fig. 1 schematically shows a laser intmder detection system detecting an intruder, in 
accordance with an embodiment of the present invention; 

Fig. 2 schematically shows a cross-sectional view of a laser intruder detection system 
comprising a plurality of lasers, in accordance with an embodiment of the present invention; 

Fig. 3 schematically shows a cross-sectional view of another laser intruder detection 
system comprising a plurality of lasers in accordance with an embodiment of the present 
invention; 

Fig. 4A schematically shows a laser intmder detection system, which uses quadrature 
detection, detecting an intruder, in accordance with an embodiment of the present invention; 

Fig, 4B schraiatically shows an optical module for determining the polarization 
direction of laser light used in the intruder detection system shown in Fig. 4A, in accordance 
with an embodiment of the present invention; 

Fig. 5 shows a block diagram of a circuit, in accordance with an embodiment of the 
present invention, xised to process signals in the laser detection system shown in Fig. 4B; 

Fig. 6 schematically shows a laser detection system protecting a room in accordance 
with an embodiment of the present invration; 

Fig. 7 schematically shows a laser detection system being used as a sentinel system to 
protect a valuable jpicture, in accordance with an embodiment of the present invention; and 

Fig. 8 shows a lifeguard sentinel bdng used to monitor a seeping baby, in accordance 
with an embodiment of the present inventioiL 

DETAILED DESCRIPTION OF EMBODIMENTS 

Fig. 1 schematically shows a cross sectional view of a laser detection system 20 
detecting the presence of an intruder 22 in a surveillance zone (the boundaries of which are not 
indicated in Fig. 1), in accordance with an embodiment of the present invmtion. In Fig. 1, for 
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convenience of presentation, intrader 22 is shown vertical, whereas the cross-sectian of 
detection system 20 shown in the figure is taken through a horizontal plane perpoidicular to the 
posture of the intmder. 

Detection system 20 comprises a laser 24, two photodetectors 26 and 28 and a difi&actor 
30. A controller 31 controls laser 24 and receives output signals from photodetectors 26 and 28 
generated responsive to light incident on the photodetectors. 

Laser 24 preferably has a coherence length substantially equal to or greater than twice a 
maximum distance for which intruders are to be detected. For example, if it is desired to detect 
intruder 22 at a distance of five meters, laser 24 preferably has a coherence length that is equal 
to or greater than ten meters. In some embodiments of the present invention, laser 24 radiates 
infixed light, for example, light having a wavelength of 850nm or 980nnL For many intmder 
detection applications, a power rating of approximately 1 milliwatt for laser 24 is sufficient In 
some embodiments of the present invention, laser 24 is a vertical cavity surface emitting laser 
(VCSEL) that is operated in single-mode in order to obtain a reqxiired coherence length. 

Laser light, represented by bold arrowed lines 32, is radiated by laser 24 and is 
collimated by a collimating lens 34. The li^t is directed so that it is incident on a surface 36 of 
dif&actor 30. Some of laser light 32 is back-dififracted from surfece 36 and some is transmitted 
through surface 36 and forward diffracted by difi&actor 30. Optimally, surfece 36 is coated with 
an appropriate metallic or dielectric layer (not shown) that determines the ratio of the amount 
of incident laser light 32 that is back-diffiacted to the amount of incident laser light 32 that is 
forward diffracted. Preferably, only a small portion of incident laser light 32 is back-diffracted. 
In some embodiments of the present invention, difi&actor 30 comprises an amplitude grating 
that diffracts laser light 32 by modulating the amplitude of mddent laser li^t 32. In some 
embodiments of fhc present mvention, diffiactor 30 comprises a phase grating that diffracts 
laser light 32 by modulating tiie phase of incident laser light 32. 

Some of the light that is back-dififracted by dififractor 30 is diffracted into beams of 
laser light, represented by dashed arrowed lines 40 and 42, that are directed towards 
photodetectors 26 and 28 respectively. Beams of laser light 40 and 42 are reference beams of 
intruder detection system 20, Light from these reference beams are focused onto spots (not 
shown) on photodetectors 26 and 28 respectively by lenses 44 and 46. In some embodiments of 
the present invention, photodetectors 26 and 28 are protected by irises 48 and 49 respectively 
that have openings, for example, approximately the size of spots to which light in reference 
beams 40 and 42 is focused on photodetectoi^ 26 and 28. Irises 48 and 49 reduce the amount of 
background Ught incident on photodetectors 26 and 28. In addition, photodetectors 26 and 28 
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are optionally shielded by filters (not shown) that transmit substantially only light having a 
wavelength the same as that of laser hgfat 32, 

In some embodiments of the present invention, photodetectors 26 and 28 are small and 
do not require nises 48 and 49. In addition smaller photodetectors generally have smaller 
capacitance and dark currents than larger photodetectors, both of which attributes improve 
signal to noise. 

Laser light that is transmitted by dijBaractor 30 is diffracted into multiple sensor beams 
of laser light repr^ented by arrowed lines 50, 51 and 52. Sensor beams 50, 51 and 52 extend 
into the volume of the surveillance zone protected by intruder detection system 20, Reference 
and SCTsor beams 40, 42, 50, 5 1 and 52 are coheiCTit with each other. 

A portion (not shown) of laser li^t 32 that is back difi&acted by diffractor 30 is 
incident on laser 24. This is generally undesirable. In addition, preferably, intensity of light in 
sensor beams 50, 51 and 52 is substantially the same. Diffractor 30 can optimally be designed 
so that back diffiracted light that reaches laser 24 is minimized and intensity of light in forward- 
diflfracted smsor beams is substantially tiie same. This can be achieved using the difference 
between phase relations in grating orders of back-diffracted and forward-diffracted light of a 
grating, as is well known in the art of diffiaction grating and holographic design. 

Intmder 22 is shown, by way of illustrative example, illximinated by sensor beam 51 
and moving towards dif&m:tor 30 with a velocity "Vj" represented by double arrow 60. Light, 
represented by wavy arrows 62, from sensor beam 51 is reflected by intruder 22 back towards 
diffractor 30 where it is forward-diffracted towards photodetectors 26 and 28. Reflected light 
62 is focused onto photodetectors 26 and 28 by the same lenses 44 and 46 respectively that 
focus reference beams 40 and 42 on photodetectors 26 and 28. (Some of reflected laser light 62 
is also forward-diffiracted towards laser 24, however as a result of its relatively low intensity, 
the forward-diffracted ligjit reaching laser 24 does not practically affect the laser's 
performance.) 

Preferably, diffractor 30 is designed so that the spatial configuration of the sensor laser 
beams is a minor image of the spatial configuration of refermce laser beams. The reference 
and sensor laser beams of intruder detection system 20 have mirror image ^atial 
configurations. However, in Fig. 1 a reference beam, whose intrasity is preferably minimized, 
that is a mirror image of sensor beam 51 is not shown in the interests of simplicity of 
presentation. The back-dififracted '^reference" beam not shown is a beam that back diffracts to 
the laser, and ^ch is therefore not used as a reference beam. As a result of the mirror image 
configurations, light reflected by an intmder .from any of sensor beams 50, 51 or 52 is 
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accurately focused to the same locations on photodetectors 26 and 28 to which light in 
reference beams 40 and 42 is focused. 

When reflected ligjit 62 reaches photodetector 26, photodetector 26 generates a signal 
resporisive to the energy received from both reflected ligJit 62 and from reference beam li^t 
40. Similarly, when reflected ligJit 62 reaches photodetector 28, photodetector 28 generates a 
signal responsive to energy received from both reflected light 62 and from reference beam light 
42, The output signals from both photodetectors comprise Doppler shift components, /.e. 
Doi^ier signals, that are in phase with each other and proportional to cos(2cooVit/c 4- <j)) = 
cos(c)Dt + (j)). In the formula, ©q is the frequency of laser light 32, c is the velocity of light, <f> is 
a phase angle generated by a difference in optical path length to photodetectors 26 and 28 for 
reference beam light 40 and 42 respectively and reflected light 62, c>d is the Doppler frequency 
shift in reflected light 62 caused by Vj and t is tnne. 

It should be realized that only reflected light 62 that is incident on areas of 
photodetectors 26 and 28 on which light from reference beams 40 and 42 is incident 
contributes to a Doppler signal. Reference beam light and reflected beam light that are incident 
on different areas of photodetectors 26 or 28 contribute only to DC components of signals 
generated by photodetectors 26 and 28. 

To assm« proper overlapping of mtruder reflected light and reference li^t on 
photodetectors 26 and 28, the diffraction angle of laser light 32 should optimally be less than 
the dispersion angle of reflected li^t 62. If a is the difiBraction angle of laser light 32, a = 
lOJW where X is the wavelength of laser light 32, W is the beam width of collimated laser Ught 
32 and k is a geometrical coefficient depending upon the shape of the collimated beam. If p is 
the dispersion angle of reflected light 62 reaching photodetectors 26 and 28 then p - W/L, 
where L is the distance of intruder 22 from dif&actor 30. Therefore, to assure proper overlap, 
preferably p > a, which leads to a condition that W > (kXL)^/2^ gy ^^y of example, for X = 
850nm and L = 4 meters W should be greater than about 2 mm. 

The output signals generated by photodetectors 26 and 28 are transmitted to controller 
31 where they are processed using methods known in the art to detmnine their component 
Doppler signals and the Doppler fibw^uency coj). In some embodiments of the present invention, 
is determined from a sum of output Doppler signals from photodetectors 26 and 28. In 
some embodimmte of the present invention, the outputs of photodetectors 26 and 28 are 
electrically connected together before they are input to controller 31 in order to sum tiheir 
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Doppier signals. By using a sum of Doppler output signals, signal to noise is increased and 
accuracy of a determined value for cap improved. 

In order to improve signal to noise, in some embodiments of the present invention, one 
or more reference beams in an intruder detection system are focused onto a same region of a 
single photodetector using an ^jpropriate combination of prisms, mirrors and/or common 
optical components, fctruder reflected light that is diffracted to coincide with the reference 
beams is tfawefore also focused to the same area on the photodetector. A single photodetector 
therefore collects and heterodynes reference light and reflected light that would otherwise be 
collected and heterodyned by at least two photodetectors. 

If ©D has a value in a range of ejqjected values for an intruder, controller 3 1 generates a 
signal to initiate an action ^propriate to a purpose for which intruder detection system 20 is 
being used, for example to trigger an alarm, open a door or turn on an air conditioner. In Fig. 1 
intradffl- detection system is shown triggering an alarm 33 when intruder 22 is detected. 

In some onbodiments of the present invention, diffractor 30 is cyclically moved back 
and forth in dkections indicated by double arrowhead line 70. The direction and magnitude of 
velocity of dififractor 30 are sensed by controller 31 and correlated with measuiemcaits of 
Doppler frequencies to determine a direction of motion of intruder 22. There are many and 
varied methods, in accordance with embodiments of the present invention for moving difi&actor 
30 back and forth and correlating motion of the dif&actor with Doppler frequency 
measurements. For example, in some embodiments of the present invention, a piezoelectric 
motor is used to move dififractor 30 back and forth along double arrowhead line 70. The 
piezoelectric motor is controlled to move dif&actor 30 with a substantiaUy constant accurately 
controlled velocity in a "forward" direction along double arrowed line 70 from a suitable first 
position to a second position- When dififractor 30 reaches the second position flie piezoelectric 
motor is controlled to r^idly snap dififractor 30 back to the first position and begin fee cycle 
again. Controller 31 monitors the motion cycle usiag methods known in the art, and Doppler 
shift measurements are made during times that dififractor 30 is being moved with the accurately 
controlled velocity in the forward direction. Alternatively, by way of another example, 
dif&actor 30 may be moved back and forth harmonically and phases of the hannonic motion 
coirdated wilii Dqppler fi^uency measurranents. 

The motion of difi&actor 30 does not afifect the fiwjuency of reflected li^t 62 however 
it does Doppler shift the fiwquency of reference beam light 40 and 42 incident on 
photodetectors 26 and 28. Assume for example that dififractor 30 is moving towards laser 24 
with a velocity when reflected light 62 and reference beam light 40 and 42 are heterodyned 
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by photodetectors 26 and 28 respectively. If intruder 22 is not moving, Doppler signals from 
photodetectors 26 and 28 are proportional to cos(2ooVdt/c + «J») and a Doppler frequency too 
for the Doppler signals wiU be determined to be equal to ©d = 2cooVd/c. If intruder 22 has a 
component of velocity Vj in a same or opposite direction as V<i, the Doppler frequency a>D 
will be determined to have a value equal to 2©o(|Vd! - |Vii) or 2coo(|Vd| + |Vii) respectively. 
Thus, if intruder 22 is moving in a same dnection as Vd {i.e. Vj and Vd are in the same 
direction), the Doppler frequency ©d is less than ©d and if intruder 22 is moving in a direction 
opposite to Vd ii.e. Vj and Vd are in opposite directions), ©d is greater than ©d- To insure 
discrimuaation betweaa motion of an intruder towawb and away from difi&actor 30, preferably, 
rVdi is chosen sufBciaitiy largo- than the magnihides of velocities that characterize motion of 
an mtrader so that ([Vd| - |Vi|) is greater than zero for substantiaUy all intrader velocities Vj. 
Therefore, in accordance with an embodiment of the present invention, controBer 31 
detoinines the direction of Vi using a known dnection and magnitude for Vd and a value 
detennined for the Doppler frequency ©j). 

Intruder detection system 20 is shown with only two photodetectors and associated 
reference beams and only three sensor laser beams for clarity of exposition. Intruder detection 
systems, in accordance with some embodiments of the present invention, can have a number of 
photodetectors and associated reference laser beams other than two and a number of sensor 
laser beams other than three. In many situations, it may be necessary or desirable for an 
intruder detection system, in accordance with an embodiment of the present invention, to have 
more or less than three sensor beams to protect the volume of a particular surveillance zone. A 
diffractor required for practically any desired number of photo-sensors and numbw and spatial 
pattean of reference and sensor beams for an intruder detection sjretem, in accordance with an 
embodiment of the presait invention, can be provided using techniques, such as hologr^hic 
techniques, that are well known in the art. 

It should also be noted that while the various laser beams con^rised in intrada- 
detection system 20 are indicated as bemg coplanar, intruder detection systems, in accordance 
with an embodiment of the present invention comprismg non-coplanar sensor and/or reference 
beams are possible and can be advantageous. Various two dimensional difi&actors for 
diffracting a laser beam into a desired non-copknar pattern of laser beams are well known in 
tfie art Such two-dimensional difi&actors can be used, in accordance with an embodiment of 
the pr«ent invmtion, to provide desired patt«ns of reference and sensor beams, for exanq)le. 
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vertical and horizontal distributions of reference and sensor beams, for protecting the volume 

of a surveillance zone. 

In some cases where a sensor beam configuration comprising many sensor beams is 

required to provide protection for a surveillance zone, a single laser might not be able to 
5 provide sufSciait energy for all the sensor beams. Therefore in intruder detection systems, in 

accordance witii some embodiments of the present invention, a plurality of lasas is used to 

provide a desired configuration and intensity of reference and sensor beams. 

Fig. 2 schanatically shows, by way of example, a side cross-sectional view of an 

intruder detection system 300, in accordance with an embodiment of the present invention, 
10 comprising more than one laser. Intrader detection system 300 optionally comprises first and 

second lasers 301 and 302, a linear dififractor 304 having grating lines 306 characterized by a 

grating pitch A and a collimating lens 308 having an optic axis 310 for focusing light ftom 
^ lasers 301 and 302 on the dififractor. For convenience of presentation and to prevent clutter, 
O only sensor beams and elements of intruder detection system 300 pertinent to the discussion of 
1^ the sensor beams are shown. Detectors used to sense reference beams and reflected sensor 
III beam light are positioned similarly to the manner in which detectors shown in Fig. 1 are 
Ja positioned and are not shown for intruder detection system 300. 

9^ Lasers 301 and 302 are optimally located on a focal plane 3 12 of lais 308 along a line 

formed by the intersection of focal plane 312 and a plane peipaidicular to grating lines 306 that 
^ contains optic axis 310. By way of example, laser 301 is located on optic axis 310 and laser 
CI 302 is positioned so that a line 314 from the center of lens 308 to the position of laser 302 
' ^ forms an angje p with the optic axis. Solid Imes rqpresent light ftom laser 301 and light from 
laser 302 is represented by dashed line. 

If ttn (where n is an integ«-) is the angle of the n-th grating order for li^t radiated by 
25 laser 301 then the grating order angles of light from the laser are defined by the relation, 
sin(an) = nkJA, where X is the wavelength of light radiated by the laser. Li^t from laser 301 
is forward diffiacted into sensor beams 321, each one of which is defined by a grating ordet of 
the light that is indicated in parentheses in the sensor beam. 

Grating order angles for laser 302 are defined by the relation sin(a^ + sin(p) = 
30 nX/A. By way of exanqsle, in Fig. 2 it is assumed that p = sin-l{Ay2A). As a result, the grating 
order angles for Kght from laser 302 are defined by sin(an) = (n-l/2)X/A and occur 
substantially midway between the grating order angles of Kght from laser 301. Forwaid- 
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diffracted light from iasCT 302 therefore generates sensor beams 322 each one of which is 
located midway between two aijacent sensor beams 321 generated by light from laser 301, 

Some laser intruder detection systems in accordance witii embodimaits of the present 
invention comprise a plurality of lasers each of which emits light having a wavelength diffraCTt 
from flie wavelengths of light emitted by the other lasers of the plurality of lasers. Li^ of 
different wavelengths diffract at different angles fonn a dif&action grating. Therefore to 
generate a deared configursrtion of sensor and reference beams, in accordance with an 
embodiment of the present invention, it can be advantageous to use lasa- light of diflfawit 
wavelsigbs. 

By way of example assume a laser intruder Systran conJBgured similar to laser intruder 
system 300 shown in Fig. 2 comprising a plurality of lasers, each of which emits light 
characterized by a different wavelength. Assume tiiat the i-th laser of the plurality of lasers 
emits light having a wavelength and that the i-th laser is located at an angle Pj = sin" 
i[Xi/{2A)3 (using the same coordinate conventions as in Fig. 2). The i-th laser will then 
generate a pattem of reference and sensor beams defined by grating angles {n-l/2);4/A. While 
the configurations of rejBsrence and sensor beams for all the lasers are smiilar, since the 
waveloigtiis Xi are all different, the configurations are shifted one fixjm fte other and do not in 
general overlap. If flirae are a total of N lasers, the intruder d^ection system will comprise N 
distract non-ovexl^ing refia«nce and sensor beam configurations, each powered by ite own 
laser and each characterized by a different wavelength of light 

Fig. 3 sdiematically shows a side view of another intruder detection sj^em 330, in 
accordance with an embodiment of the present invention, comprising two lasers 332 and 334 
that emit light at wavelengths Xi and X2 respectively. As in Fig. 2, in Fig. 3, for convenience of 
prwentation and to prevent clutter, only sensor beams and elements of intruder detection 
system 300 pertinent to fte discussion of the sensor beams are shown. Light detectors are not 
shown. 

Intruda- detection system 330 is similar to laser intruder detection system 300. Lasers 
332 and 334 are respectively located on focal plane 312 at angles pi = sin-l[Xi/{2A)3 and P2 = 
sin-l[X2/(2A)]. Light &om laser 331 is forward diffracted into sensor beams 341, which are 
shown in dashed Unes. Light from laser 332 and its corresponding sensor beams 342 are shown 
in soUd Imes. Sensor beams 341 and sensor beams 342 are shifted one fiom &e other and 
angular separations between adjacent sensor beams 341 are different &om angular sqparations 
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m. 

between adjacent sensor beams 342 as a result of the difference in their wavelengths and choice 
of angles. 

It is to be noted that &e use of different wavelengths in an intruder detection system in 
accordance with an embodiment of file present invention can be advantageous from 
5 considerations other than providing a desir^ sensor beam configuration. For example, clothes 
worn by an intruder might for example reflect light of one wavelength weakly and li^t of a 
second wavelmgth strongly or ambient light might reduce signal to noise in one wavelength 
but hot in another. 

In some embodiments of the present invention, a non-planar spatial configuration of 
10 refermce and sensor beams is provided by forming a laser iutruder detection system from sub- 
units, each of which is a laser detection system that provides a planar distribution of refOTrace 
and sensor beams. For example, a laser intruder detection system may comprise a plurality of 
sub-units, each of which is a laser detection systan 20 shown in Fig.L The sub-unite may for 
g example be "stacked" one on top of the other with the planes of their respective sensor beams 
l| 1 50, 51 and 52 (Fig. 1) parallel or tilted with respect to each other to form various configurations 

P of sensor beams. 

Hi 

Whereas, as noted above, almost any "static" pattem of sensor beams, in accordance 

^ with an embodiment of the present invention, required to protect a surveillance zone can be 

■p. ' 

ri pnyvided, it may be desirable or advantageous to scan a surveillance zone with a pattem of 
sensor beams. Therefore, in some embodiments of the present invention, a spatial configuration 
p of sensor beams is moved to scan the volume of a surveillance zone. For example, components 
^ of intruder detection system 20 may be mounted in an appropriate housing that is mechanically 
rotated about at least one axis or translated along at least one axis to move sensor beams 50, 51 
and 52 and thereby scan the volume of a surveillance zone protected by intruder detection 
25 system 20. 

Fig. 4 A schematically shows another intruder detection system 100, detecting the 
presence of intruder 22 in a surveillance zone protected by intruder system 100, in accordance 
with an embodiment of the present invention. Intruder detection system 100 is similar to 
intruder detection system 20 shown in Fig. 1. However, intruder detection system 100 is 
. ^ 30 designed to determine a direction of motion of intruder 22 using quadrature detection. 

Intruder detection system 100 comprises a laser 24 that emits laser light 32 and two 
photodetectors 26 and 28. A lin^ polarizer 102 and optionally, an iris 48 are positioned in 
&ont of photodetector 26 and a linear polarizer 104 and optionally, an iris 49 are positioned in 
front of photodetector 28. Pref^ably, the polarization transmission axes of polarizers 102 and 
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104 are orthogonal. (A poiarization transmission axis of a polarizer is defined as a direction in 
the polarizer that is parallel to the polarization vector of li^t that passes through the poIarizerO 
As in the case of intruder detection system 20, if photodetectors 26 and 28 of intruder detection 
system 100 are sufficimtly small, irises 48 and 49 are not necessary. Optionally photodetectore 
26 and 28 are protected by ^jpropriate filters that transmit substantially only Kght having a 
wavelength the same as that of laser light 32. 

Laser li^t 32 firom laser 24 is optimally collunated by a lens 106 and back and 
forward-diffracted by a difl&actor 30. Diffiactor 30 is for example, a linear dif3&actor, which, in 
the perspective of Fig. 4A has grating lines perpendicular to the plane of Fig. 4A, Surface 36 of 
dififractor 30 is, preferably, coated with an ^ropriate metallic or dielectric layer, as is known 
in the art, to control the ratio of the amount of light from laser light 32 that is back-diflGracted to 
the amount of light from laser light 32 that is forward-diffracted. 

In some embodiments of the present invention, diffractor 30 comprises a binary 
reflecting amplitude grating m which the width and reflectivity of reflecting lines determines 
the power ratio of the diffracted beams and the ratio of energy in forward diffracted to back- 
diffracted light. In some embodiments of the invention, the dififractor is a phase grating, such as 
a binary phase grating formed from plastic. The ratio of energy in 
back-diffracted to forward-diffracted light and the power ratio between diffracted orders may 
be controlled, as is known in the art, by properly selecting diffraction groove shape and depth 
and the indices of refraction of materials used in the grating. 

Back-diffracted light is diffracted into reference beams 40 and 42. Light in reference 
beams 40 and 42 is preferably focused by lens 106 onto photodetectors 26 and 28 respectively. 
Light in reference beams 40 and 42 pass through linear polarizers 102 and 104 before being 
incident on photodetectors 26 and 28 respectively. Forward-diffracted light passes through a 
quarter wave plate 140 and a linear polarizer 142 and form sensor beams 50, 51 and 52. 

To understand the operation of intruder detection system 100 assume, by way of 
exaniple, that laser 24 is positioned so that the polarization vector of laser light 32 is oriented at 
an angle of 45^ with respect to the normal to the plane of Fig. 4A. As a result, the polariz^on 
vectors of light in reference beams 40 and 42 are also substantially oriratated at 45^ with 
reject to the normal. In some embodimmts of the present invention, the polarization 
transmission axes of polarizers 102 and 104 are oriented at 45^ with respect to the polarization 
vectors of light in reference beams 40 and 42 parallel and perpendicular to the plane of 
Fig. 2). As a result, flie intensity of refa-ence beam light 40 on photodetector 26 is substantially 
the same as flie intensity of reference beam light 42 on photodetector 28. 
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A peztinent direction associated with a component or feature of an element in Fig. 4A is 
shown by a rubric in a circular "cross-hair" icon connected to the feature or element by a line. 
A bold line is used to indicate a polarization transmission axis of a polarizer and a bold arrow 
indicates the direction of a polarizadon vector. Circular polarization is indicated by a circle 

5 with an arrowhead pointing anti-clockwise or clockwise to indicate respectively right or left 
hand circularly polarized light Directions are shown relative to the perpendicular to the plane 
of Fig. 4A which is represented by a "12 o'clock line" in icon 120. 

Icons 122, 124 and 126 schematically show directions, optionally used in the practice of 
the present inveaition, of the polarization vectors of laser light 32 and light in reference beams 

10 40 and 42 r^pectively. Icons 128 and 130 show directions of the polarization transmission 
axes of polarizers 102 and 104 respectively, that are, optimally, orthogonal, .Intruder 22 is 
illuminated, by way of example, by sensor beam 51 and reflects light 62 from sensor beam 51 
toward diffractor 30. On its way to diffractor 30, reflected light 62, which is typically 
substantially randomly polarized after being reflected from intruder 22, passes through linear 

IS, polarizer 142 and then through quarter wave plate 140. Quarter wave plate 140 and polarizer 

r 142 together form a circular polarizer that circularly polarizes reflected light 62. After passing 

f ^ through quarter wave plate 140, reflected li^t 62 is circularly polarized, as indicated in icon 

^ 152. Circularly polarized reflected Ught 62 is then forward-diffracted by diffractor 30 and 
focused by lens 106 so that it passes through Imear polarizers 102 and 104 and is incident on 

^ photodetectors 26 and 28 respectively. Because the polarization transmission axes of polarizers 
102 and 104 are orthogonal, the polarization vectors of reflected light 62 reaching 

p,. photodetectors 26 and 28 are orthogonal and reflected light 62 incident on pfaotodetector 26 is 
phase shifted by it/2 radians from reflected light 62 incident on photodetector 28. 

Assume that intruder 22 is moving in the surveillance zone vidth a component of 

25 velocity Vj, r^Hresented by double arrow 60, in a direction parallel to sensor beam 5 1 . As in fee 
case of intrude detection system 20, fee movement of intrude 22 genrarates Doppler shifts in 
reflected light 62 feat are used to detect fee pres^ce of intruder 22. However, because reflected 
light 62 incident on photodetector 26 is phase shifted wife respect to reflected light 62 reaching 
photodetector 28, in accordance wife an embodiment of the present invention, Doppler signals 

30 generated by photodetectors 26 and 28 are usable to deteonine directions of motion for intruder 
22. 

Let DS26 r^csent a Doppler signal from photodetector 26 and DS28 a Doppler signal 
from photodetector 28. Then DS26 = Acos(2c>oVit/c ^) and DS28 ^ Acosilm^Vpc + <j> + 
7r/2), where ©q is fee frequency of laser light 32. (The amplitudes of DS26 ^nd DS28 are 
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substantially the same because of the 45^ angles between the polarization vector of laser light 
32 and the polarization trananission axes of polarizers 102 and 104 and ciicidar polarization of 
reflected light 62 which is incident on polarizers 102 and 104.) 

DS26 ™^ ^^28 a pair of quadrature signals. If Vj is positive, then DS26 is delayed 
by a quarter of a cycle with respect to DS28. If Vj is negative, then DS26 leads DS28 by a 
quarter cycle. By determining which of signals DS26 ^^^28 leads the other, the direction of 
Vj in accordance with an embodiment of the present invention is determined. 

The polarization directions of light and the directions of polarization transmission axes 
used to illustrate the operation of intruder detection system 100 are chosen for ease of 
presentation and other "polarization combinations" that would function to provide quadrature 
detection are possible and will occur to persons of the art. For example laser light 32 may be 
curularly polarized and reflected light 62 polarized at 45^, ue. laser ligjit 32 and reflected light 
62 "exchange roles" . 

It should also be noted that photodetectors 26 and 28 may be replaced by a single 
photodetector sensitive to light in two polarization directions that generates signals responsive 
to int^ity of incident light in one of the polarization directions substantially independent of 
intensity of incident light in the other of the polarization directions. A single photodetector 
suitable for functioning in place of photodetectors 26 and 28, in accordance wilh an 
embodiment of the present invention, is described in PCT Application PCT/IL99/00705, flie 
disclosure of which is incorporated herein by reference. 

In some embodiments of the present invention, a dif&actor of a type described in PCT 
Application PCT/ IL99/00669 with reference to Fig. 8 in the application replaces difi&actor 30, 
quarter wave plate 140 and polarizer 142 in intruder detection system 100. The disclosure of 
PCT Application PCT/IL99/00669 is incorporated herein by refi^raice. The described dif&actor 
generates back-diffiracted circularly polarized reference beams from linearly polarized laser 
light incident on the diffiractor and forward*diffiacted linearly polarized sensor beams from the 
laser light The diffiactor is relatively energy efficient, and except for light absorbed in the 
material from which tiiie difGractor is formed, substantially all the laser light incident on the 
dif&actor is either forward-diffracted or back-diffracted. 

It should be noted that the leading and lagging Doppler signals DS26 2nd DS28 
reversed if the polarization vector of laser light 32 is perpendicular to the choice of direction 
shown in Fig, 4A. In order to determine a direction for Vj therefore it is necessary to know the 
direction of the polarization vector of laser hght 32. 
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However, the polarization direction of light ttot some lasers radiate may change with 
time. For example, as noted above, the polarization direction of laser light j&om VCSEL lasers 
is ^t to alternate b^^tween two orthogonal directions. In some embodiments of the ;n:esent 
invention, &erefore, the polarization direction of laser light 32 is monitored to determine a 
5 direction for its polarization vector* The detemuned direction is used by controller 31 in 
> detemiining a direction for Vj. 

The polarization of laser light 32 may be monitore4 in accordance with embodiments 
of the present invention, using dififarait techniques and optical components known in the art 
Fig. 4B schematically shows an optical module 170, which has components shown inside a 
10 dashed rectangle, that is used to monitor the polarization direction of laser light 32 in intruder 
detection system 100 shown in Fig. 4A, in accordance with an embodiment of the present 
invention. In Fig. 4B only that portion of intruder detection system 100 necessary to describe 
, the operation of module 170 is shown. 

O In some embodiments of the present invention, module 170 comprises a beam splitter 

J;5 172, a linear polarizer 174 and a photodetector 176. Beam splitter 172 is preferably positioned 
H between laser 24 and lens 106 so that while light emitted by laser 24 passes through beam 
sphtter 172 in order to reach lens 106, beam splitter 170 doesn't interfere with reference beams 
40 and 42. Most of the light in laser light 32 incident on beam splitter 172 is transmitted by 
p beam splitter 172 to lens 106 and preferably only small portion, represrated by gurowed lines 
M_ 173, is reflected towards linear polarizer 174. The polarization transmission axis of polarizer 
174 is preferably oriented so that when laser light 32 is polarized along a fii^t of its two 
p orthogonal polarization dnections, substantially all the light from laser light 32 reaching 
polarizer 174 from beam splitter 172 is transmitted to photodetector 176. When laser light 32 is 
polarized along a second of its two orthogonal polarization directions, substantially no light 
25 from laser light 32 reaching polarizer 174 from beam splitter 172 is transmitted to 
photodetector 176. The magnitude of the output of photodetector 176 therefore indicates the 
polarization direction of laser light 32. 

Fig. 5 shows a block diagram of an example of a circuit 200, in accordance with an 
^bodiment of the present invention, comprised in controller 31 for processing output signals 
30 from photodetectors 26 and 28 in intruder detection system 100. 

Circuit 200 comprises a processor 202 and signal-processing modules 204 and 206 that 
comprise components shown inside dashed rectangles labeled with the nume»ral of the module 
to which &ey belong. Signal processing module 204 recdves signals 210 from photodetectOT 
28 and provides processed output signals responsive to received signals 210 to processor 202. 
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Similarly signal-processing module 206 receives signals 212 fix>m photodetector 26 and 
provides processed output signals responsive to signals 212 to processor 202. Modules 204 and 
206 are optionally identical and components and operation of only module 204 will be 
described. 

In some embodiments of the present invention, an output signal 210 received by 
module 204 from photodetector 28 is first amplified by a preamplifier 214 and then filtered by 
a band-pass filter 216. Band-pass filter 216 removes DC components from signal 210 that are 
generated by light from reference beam 42 and ambient light. Preferably, band-pass filter 216 
transmits only frequencies in a desired band of frequencies characteristic of Doppler shift 
frequencies generated by an intruder moving in a surveillance zone of intruder detection system 
100, In some embodiments of the present invention, frequency components of signal 210 
transmitted by band-pass filter 216 are amplified a second time by an amplifier 218 and input 
to a circuit element 220, such as for example a Schmitt trigger, that converts input from 
amplifier 218 to logic signals. The logic signals are input to processor 202. 

In addition, module 204 optionally comprises a circuit element 221 that receives input 
fix)m band pass filter 216 and processes the input to generate logic signals responsive to the 
amplitude or power of signal 210 in the "Doppler frequency band" determined by the band pass 
filter. The generated logic signals are transmitted by circuit element 221 to processor 202. 

In accordance with an embodiment of the present invention, circuit 200 comprises a 
module 230 for processing output signals 232 from photodetector 176, which is comprised in 
optical module 170 shown in Fig» 4B. As discussed above in the description of optical module 
170, output signals from photodetector 176 indicates a direction for the polarization of laser 
light 32 used in intruder detection system 100 (Fig. 4A), A signal 232 from photodetector 176 
is optimally amplified by an amplifier 234 and converted to a logic signal by a comparator 236, 
which logic signal is input to processor 202. 

In some embodiments of the present invention, processor 202 processes signals from 
circuit elements 220 of modules 204 and 206 using quadrature detection algorithms well 
known in the art, and polarization directions determined from signals from module 170, to 
determine magnitudes and directions of velocities from the signals. Processors that perform 
quadrature detection required by intruder detection systems, in accordance with some 
embodiments of the present invention, are readily available commercially. A description of 
such commercially available processors and their mode of operation may be found in the Jan 
1998 Honeywell Infrared Products catalogue pp. 407 - 412. 



26 



wo 01/06473 



PCT/ILOO/00421 



In some embodixneats of the present invention, processor 202 analyzes determined 
magnitudes and directions to detennine if they are consistent with motion of an intruder in the 
survdllance zone or that they represent stimuli that should be ignored. If they are consistent 
witia motion of an intruder, circuit 200 generates a signal to mitiate an appropriate response to 
the intruder, such as, if the intruder is unwelcome, soimding an alarm 240, or if the intruder is 
welcome, op^ung a door 242 or turning on an air conditioner 244. 

Because intruder detection systems 20 (in versions that detranine directions of 
velocities) and 100, detamine both magnitudes and directions of velocities from signals 
generated by photodetectors 26 and 28, intruder systems 20 and 100 are sensitive to differences 
between sources that stimulate signals in photodetectors 26 and 28. For example, intruder 
detection systems 20 and 100 can relatively easily discriminate between vibratory motion of 
objects and structures in a surveillance zone and steady motion in a particular direction 
characteristic of motion of an intruder. As a result, intruder detection systems in accordance 
with embodiments of the present invention can provide reliable detection efficiencies with 
relatively low false alarm rates. 

In some embodiments of the present invention, in addition to analyzing frequency of 
signals generated by photodetectors 26 and 28, a laser intruder detection system analyzes their 
amplitudes or power as well. Optionally, the detection system determines that an intruder is 
presOTt only if frequency analysis of the signals determines that the signals comprise a Doppler 
shift component compatible with presence of an intruder and amplitude or power of the 
Doppler shift component is greats than an appropriate threshold. For example, in some 
embodiments of intruder detection system 100, processor 202 (Fig. S) uses signals from circuit 
elements 221 of signal-processing modules 204 and 206 to analyze amplitudes and/or power of 
signals 210 and 212. Only if both frequency analysis of signals 210 and 212 and amplitude 
and/or power analysis of the signals indicate presence of an intrude does intruder detection 
system 100 detemiine that an intruder is present 

By imposing an amplitude and/or power criterion in addition to a frequency criterion in 
detCTnining presence of an intruder, reliability of intrader detection and false alarm rates 
provided by a laser detection system in accordance with an embodiment of the present 
invention are fiarflier improved. However, in some embodiments of the present invention, a 
magnitude of motion of an intruder is not determined. In such embodiments, an intruder: 
detection system determines that an intruder is preset in a surveillance zone protected by the 
detection system responsive to results of analysis only of anq)litude and/or power of a signal 
gen^ed by the presence of an intruder in the surveillance zone. 
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Fig, 6 shows a schematic plan view of an intruder detection systrai 250 protecting a 
room 252, having walls 254 and a door 256, in accordance with an embodiment of the present 
invention. Laser light sCTSor beams 258 extend to span the volume of room 252 from a housing 
255 comprising optical and electronic components (not shown) of detection system 250. 
5 Intruder detection system 250 can, for example, detemiine if door 256 is being opened or 
closed or if a person is moving in room 252 and generate signals to initiate appropriate 
responses tiiereto. It can also determine that signals that it receives are generated by vibrations 
in walls 254, which might for example be caused by the passage of a heavy vehicle in the 
vicinity of room 252, and "decide" to ignore the signals, 

10 Intruder detection systems in accordance with some embodiments of the present 

invention, because of their capability to differentiate between different patterns of motion are 
useable as "sentinel" security systems to guard valuables such as paintings or artifacts in a 

I: museum. Sentinel security systems, in accordance with some embodiments of the present 

; :: invention, may also be used to protect cars against theft. 

4 Fig. 7 shows an intruder detection system, in accordance with an embodimoat of the 

Z present invention, being used as a sentinel system 260 to guard a valuable painting 262 hung on 

? a. 

.M wall 264. Sentinel system 262 optionally comprises a housing 266 from which a plurality of 
relatively closely spaced sensor beams 268 are emitted. Sensor beams 268 are incident on 
^ picture 262. Normal vibrations of picture 262, such as caused by people walking past pic^e 

$0 262 and air drafts moving through the room are detected by sentinel Systran 266 and ignored. 

m 

However, if a thief were to attempt to remove the painting from wall 264, sentinel system 268 
fil would determine that movraient of picture 262 is anomalous and would sound an alami. It 
should be realized that whereas sentinel system 260 illuminates picture 262 wi& a plurality of 
sensor beams 268 in some sentinel systems, in accordance with some embodiments of the 
25 present invention a single sensor beam is used to guard an object. A single sensor beam might 
be pref^ble to monitor motion along a single direction in space and can be provided by 
suitably blocking all but one sensor beam generated by a sentinel system, in accordance with an 
embodiment of the present invention. 

Fig. 8 shows a healthguard sratinel 350 monitoring breathing of a baby sleeping in a 
30 crib 352 having a mattress 354. Sensor beams 356 from sentmel 350 spread out to illuminate a 
region of mattr^s 354 so that at least one sensor beam 356 illuminates the baby for 
substantially any location of the baby in the crib. Light reflected by the baby from the at least 
one sensor beam is analyzed to detemdne motion of &e baby's body and in particular to 
determine fixe baby's tiboracic motions and if such motions indicate cessation of breathing or 
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other aberrant motion indicative of respiratory stress. Healtfaguard sentinel 350 analyzes 
reflected sensor beam light to detennine "baby motion" using methods similar to those used in 
embodiments of the present invention for detecting presence of an intruder or motion of an 
artifact as discussed above. 

In some embodiments of the present invention, an intruder detection system or sentinel 
system, in accordance with an embodiment of the present invention, is equipped with at least 
one source of visible light When turned on light from the at least one source illuminates at 
least one region in a surveillance zone protected by the system that is illuminated by a sensor 
beam of the at least one sensor beam. A user of the system can align the system responsive to 
the at least one region illuminated by the visible light 

In some embodiments of the present invention, a laser used to provide sensor beams in 
an intruder detection system or a sentinel system is pulsed and signals are sampled with a 
sample and hold circuit This can substantially reduce power consumption of the system and 
also decrease sensitivity of the system to ambient light, as is well known in the art. 

In the description and claims of the present application, each of the verbs, *'comprise'* 
"include" and **have", and conjugates thereof, are used to indicate that the object or objects of 
the verb are not necessarily a complete listing of members, con:q}onents, elements or parts of 
the subject or subjects of the veib* 

The present invention has been described using detailed descriptions of embodiments 
th^eof ttiat are provided by way of example and are not intended to limit flie scope of the 
invention. The described embodiments comprise different features, not all of which are 
required in all embodiments of the invention. Some embodiments of the present invention 
utilize only some of the features or possible combinations of the features. Variations of 
embodiments of the present invention that are described and embodiments of the present 
invention comprising different combinations of features noted in the described embodiments 
will occur to persons of the art. The scope of the invention is limited only by the following 
claims. 
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CLAIMS 

1 . A motion detector for detecting motion of a body in a surveillance zone comprising: 
at least one laser that produces laser light; 

at least one photodetector that generates signals respoMive to light incident thereon; 

a light distributor that receives laser light from a laser of the at least one laser and 
distributes a portion of the light into a plurality of sensor light beams that extend into the 
surveillance zone and a portion of the light into at least one reference light beam that is incident 
on a region of the at least one photodetector, wherein the distributor is positioned and 
configured so that light reflected from a sensor beam by an object in the surveillance zone is 
received by the distributor and directed onto said region of the at least one photodetector; md 

circuitry that receives signals generated by the at least one photodetector and processes 
the signals to determine if reflected light incident on the at least one detector is Doppler shifted 
as a result of motion of the body, and if so, generates a signal indicating motion of the body. 

2. A motion detector according to claim 1 wherein the at least one reference beam is 
formed by light that is back distributed by the distributor. 

3. A motion detector according to claim 1 or claim 2 wherein the plurality of sensor beams 
is formed by light that is forward distributed by flie distributor. 

4. A motion detector according to any of the preceding claims wherein for each sensor 
beam of the plurality of sensor beams produced by the distributor the distributor produces a 
mirror image reference beam. 

5. A motion detector according to any of clain:is 1*4 wherein the distributor comprises a 
surface on which light received from the at least one laser is incident, vMch surface has a 
partially reflecting layer that controls how much of the Ught from the at least one laser is 
distributed to the at least one reference beam and how much is distributed to the plurality of 
sensor beams. 

6. A motion detector according to any of claims 1-5 wherein the distributor comprises a 
diffraction grating. 

7. A motion detector for detecting motion of a body in a surveillance zone comprising: 
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at least one laser that produces laser light; 

at least one photodetector that generates signals responsive to light incident thereon; 

a light distributor comprising a diffiactor that receives laser light from the at least one 
laser and distributes a portion of the light into at least one sensor light beam that extends into 
the surveillance zone and a portion of the light into at least one reference light beam that is 
incident on a region of the at least one photodetector, and the diffractor is positioned and 
configured so that light reflected from a sensor beam by an object in the surveillance zone is 
received by the light distributor, and distributed onto said region of the at least one 
photodetector; 

circuitry that receives signals generated by the at least one photodetector and processes 
the signals to determine if reflected light incident on the at least one detector is Doppler shifted 
as a result of motion of the body, and if so, generates a signal indicating motion of the body. 

8. A motion detector according to any of claims 7 wherein the at least one sensor beam 
comprises a plurality of sensor beams. 

9. A motion detectca: according to any of claims 1-6, or claim 8 wherein the plurality of 
sensor beams conxprises at least three sensor beams and at least three of the sensor beams are 
coplanar. 

10. A motion detector according to any of claims 1-6, or claim 8 or 9 wherein the plurality 
of sensor beams comprises at least three sensor beams and at least one of the plurality of sensor 
beams is not coplanar with at least two of the other sensor beams. 

11. A motion detector according to any of claims 1-10 wherein the at least one reference 
beam comprises a plurality of reference beams. 

12. A motion detector according to claim 11 wherein the at least one photodetector 
comprises a plurality of photodetectors. 

13. A motion detector according to claim 12 whereia a different one of the plurality of 
reference beams is incident on each photodetector. 
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14. A motion detector according to any of claims 1-10 wherein the at least one 
photodetector is a single photodetector. 

15. A motion detector according to any of claims 1-14 and comprising a motor or actuator 
5 that cyclically moves the light distributor back and forth in a given direction so that frequency 

of light in the at least one reference beam is shifted by a predetermined frequency shift. 

16. A motion detector according to any of claims 1-14 comprising an optical frequency 
shifter through which li^t reflected from the body passes, which optical frequency shifter 

10 generates a predetermined frequency shift in the frequency of the reflected light 

17. A motion detector according to claim 15 or claim 16 wherein the predetermined 
gj frequency shift is greater than an expected Doppler shift of the reflected light caused by motion 

of the body. 
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18. A motion detector according to claim 17 wherein the circuitry processes signals fixan 
the at least one photodetector to determine a frequency difference between the frequency of a 
reference beam of the at least one reference beam and the frequency of the reflected light and 
determines that a component of motion of the body that generates the Doppler shift is in a first 
direction if the frequency difference is greater than the predetermined difference and in a 
second dfrection, opposite the first direction, if the frequency difference is less than the 
predetermined frequ^cy difference. 



19. A motion detector according to claim 12 or claim 13 and comprising a first and a 
25 second linear polarizer through which light that is incident on a first and a second 

photodetector respectively of the plurality of photodetectors passes. 

20. A motion detector according to claim 19 wherein directions of polarization axes of the 
first and second polarizers are not parallel 



21. A motion detector according to claim 20 wherein the polarization axes of the first 
polarizer is substantially orthogonal to the axes of polarization of the second polarizer. 
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22. A motion detector according to any of claims 19-21 wherein the reference beams that 
are incidmt on the first and second photodetectors are generated by the distributor firom li^t 
fix>m a same laser of the at least one laser, which laser provides linearly polarized light 

23. A motion detector according to claim 22 comprising a polarization detector that detects 
the direction of polarization of the light fix)m the laser. 

24. A motion detector according to claim 22 or claim 23 wherein an angle between the 
polarization direction of the first linear polarizer and the polarization direction of the laser light 
is substantially equal to 45*^, 

25. A motion detector according to any of claims 22-24 and comprising a circular polarizer 
that circularly polarizes the reflected Ught 

26. A motion detector according to any of claims 22-24 and comprising a circular polarizer 
that circularly polarizes light in the reference beams. 

27. A motion detector according to claim 25 or claim 26 wh^in the first and second 
photodetectors respectively gmerate first and second signals responsive to reflected light and 
reference beam light incident on them» which first and second signals comprise, respectively, 
first and second signal componmts having a fi^quency equal to the Doppler frequency shift of 
the reflected light caused by motion of the body. 

28. A motion detector according to any of claims 1-13 wherein a photodetector of the at 
least one photodetector is a polarization sensitive photodetector sensitive to light in first and 
second directions of polariacation, which photodetector generates first and second signals fliat 
are substantially indq)endent of each other responsive to intensity of light incident on tiie 
photodetector having a polarization direction parallel respectively to the fiarst and second 
directions. 

29. A motion detector according to claim 28 and comprising a circular polarizer that 
circularly polarizes the reflected light. 
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38. An intrader detection system for detecting presence of an intrude- in a surveillance zone 
comprising a motion detector according to any of claims 1-37 wherein if the motion detector 
senses motion of a body in the surveillance zone, the circuitry detennines if the Doppler shift is 

5 characteristic of motion of an intruder, and if it does generates a signal indicating presence of 
an intruder in the surveillance zone. 

39. Apparatus for guarding an object against theft or damage comprising a motion detector 
according to any of claims 1-37 wherein at least one sensor beam of the motion detector is 

10 incident on the object and, if the object exhibits aberrant motion, generates an alarm. 

40. Apparatus for monitoring health status of a person comprising a motion detector 
according to any of claims 1-37 wherein at least one sensor beam of the motion detector is 

p«i incident on the person and, if the person exhibits abOTant motion, generates an alarm. 



111 



41. Apparatus according to claim 40 whereiu the person is a baby and wherein a sensor 
beam of the motion detector is incident on the baby so as to detect breathing motions of the 
baby and if the breathing motions exhibit aberrance generates an alarm. 



42. A method of detecting motion of an object in a surveillance zone comprising: 
diffracting light from a laser of at least one laser to generate at least one sensor beam of 

laser Ught that illuminates the surveillance zone; 

receiving light from a sensor beam of the at least one sensor beam that is reflected by 
the object; and — 
25 determining whether ttte received light is Doppler shifted by a frequency generated by a 

component of motion of the object 

43. A method according to claim 42 wherein determining a Doppler shift comprises 
generating at least one reference light beam from light provided by the laser and determining 

30 whether the reflected Hght is Doppler shifted with respect to the hght in a reference beam of the 
at least one reference beam. 

44. A method according to claim 43 wherein generating at least one reference beam 
comprises diffracting light from the laser. 

35 



AMENDED SHEET 



16-07-2001 ^^^^^^"^ IL0000421 



45, A method according to claim 43 or claim 44 wherein the at least one reference beam 
comprises a plurality of reference beams, 

5 46. A method of detecting motion of an object in a smveillance zone comprising: 

generating at least one sensor beam of laser light from light provided by a laser that 

illuminates the surveillance zone; 

generating a plurality of reference beams of hght from a portion of the light provided by 

the laser ; 

10 receiving light from a sensor beam of the at least one s^isor beam, which is generated 

from light from the laser, that is reflected by the object; and 

determining whether flie reflected light is Doppler shifted with respect to light in each 
of the reference beams by a componmt of motion of the object. 

M5 47. A method according to any of claims 42-46 wherein determining a Dqppler shift 

%^ 

|?# comprises: 

1^1^ coherently mixing the reflected li^t with light from at least one reference beam to 

# generate at least one mixed signal; and 

Q determining whether the at least one mixed signal comprises a signal component having 

0 a frequency equal to a Doppler frequency shift characteristic of a component of motion of the 
object. 



m 



48. A method according to any of claims 42-47 and comprising introducing a predetermined 
offset frequency shift in the received light that is larger than an expects^. Doppler shift 

25 g^erated by a component of motion of the object, so that the received light has a difference in 
frequency with respect to the reference beam light that is equal to the sum of the of&et 
frequency shift and the Doppler shift generated by the componmt of motion of the object. 

49, A method according to any of claims 42-47 and comprising introducing a 
30 predetermined offset frequency shift in reference beam ligiht that is larger than an expected 

Doppler shift generated by a component of motion of the object, so that a difference in 
frequency between the received light and the reference light is equal to the sum of the offset 
frequency shift and tiie Doppler shift generated by the component of motion of the object 
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50. A melfaod according to claim 48 or claim 49 comprising determining a direction of the 
component of motion of the object ttiat generates the Doppler shift responsive to whether the 
magnitude of the difference in frequency between the received light and the refereuce light is 
greater than or less thaa the offset frequency shift. 

5L A method according to claim 45 or claim 46 wherein light provided by the laser is 
linearly polarized and comprising circularly polarizing at least a portion of the reflected light 

52. A method according to claim 51 and conq)rising linearly polarizing light in a first and 
second refermce beam of the plxirality of reference beams in first and second directions 
respectively. 

53. A method according to claim 52 and comprising linearly polarizing first and second 
portions of the circularly polarized reflected light in liie first and second directions and 
coherently mixing the first aud second portions of the reflected ligjit with light in the first and 
second reference beams respectively so as to generate first and second mixed signals. 

54. A metihod according to claim 45 or claim 46 wherein light provided by the laser is 
linearly polarized and comprising circularly polarizing light in a first and a second reference 
beam of the plurality of reference beams, 

55. A method according to claim 54 and comprising linearly polarizing first and second 
portions of the reflected light in first and second directions respectively. 

56. A method according to claim 55 and comprising Linearly polarizing the circularly 
polarized light in the first and second reference beams in fee first and second directions 
respectively and coherently mixing the linearly polarized reference beam light with the first 
and second portions of the reflected Kgiht respectively so as to generate first and second mixed 
signals. 

57. A method according to claim 53 or claim 56 and comprising determining first and 
second signal components respectively of the first and second mixed signals that have a 
frequency equal to the Doppler shift of the received light. 
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58. A method according to claim 57 comprising detennining a direction of the component 
of motion of the object that generates the Doppler shift responsive to which of the first and 
second signal components leads the other. 

5 59. A method according to any of claims 42-47 wherein the laser provides linearly 
polarized light and contprising: 

drcnlarly polarizmg light from the laser or the reflected hgjat; 

mixing the circularly polarized laser or reflected light with, respectively, the reflected or 
laser light that has not been circularly polarized; 
10 generating first and second naixed signals responsive to mixed light in first and second 

polarization directions respectively; 

determining first and second signal components respectively of the first and second 
I mixed signals that have a frequency eq\ial to the Doppler shift of the received li^t; and 
S determining a direction of the component of motion of the object that generates the 

||15 Doppler shift responsive to which of the first and second signal components leads the other. 



60. A method accor&tg to any of claims 51-59 and comprising detecting the direction of 
polarization of the linearly polarized light provided by the laser. 



PO 61. A method for detemiining presence of an intruder in a surveillance zone comprising 

1^ detecting motion oftheintnider according to aiiy of daims^ 

Ml 
•? 

62. A method for monitoring status of an object in a surveillance zone comprising detecting 
motion of the object according to any of claims 42-60 and if the object exhibits-aberrant motion 

25 generating a signal indicating the occurrence of the aberrant motion. 

63. A method for monitoring health and status of a person in a surveillance zone 
comprising detecting motion of the person according to any of claims 42-60 and, if the p^son 
escfaibits aberrant motion, generating a signal indicating the occurrence of the aberrant motion. 



AMENDED SHEET 



38 



10/031519 

PCTMAO/00421 




wooi/o«^ 1 0 /031 5 1 9 

PCT/ILO0/O042i 




wo 01/06473 FCTyiLOO/00421 




FIG.6 




FIG.7 





Express Mail Label No. 


Page 1 of 3 


1 

f 


Docket No. 
064/02540 



Declaration and Power of Attorney For Patent Application 

English Language Declaration 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name, 

I believe 1 am the original, first and sole inventor (if only one name is listed below) or an original, 

first and joint inventor (if plural names are listed below) of the subject matter which is claimed and for 

which a patent is sought on the invention entitled 

LASER MOTION DETECTORS 

the specification of which 

(check one) 
O □ is attached hereto. 

ff ^ was filed on July 18, 2000 as United States Application No. or PCT International 

till Application Number PCT/lLOO/00421 

>r and was amended ^ as in the annexes to the International Preliminary Examination Report 



B (if applicable) 

y^' I hereby state that I have reviewed and understand the contents of the above identified specification, 
including the claims, as amended by any amendment referred to above. 

p I acknowledge the duty to disclose to the United States Patent and Trademark Office all information 
III known to me to be material to patentability as defined in Title 37, Code of Federal Regulations, 
Section 1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, Section 119(a)-(d) or 
Section 365(b) of any foreign application(s) for patent or inventor's certificate, or Section 365(a) of 
any PCT International application which designated at least one country other than the United States, 
listed below and have also identified below, by checking the box, any foreign application for patent or 
inventor's certificate or PCT International application having a filing date before that of the application 
on which priority is claimed. 

Prior Foreign Application(s) Priority Not Claimed 

130985 Israel 19 July 1999 □ 

(Number) (Country) (Day/MonthA'ear Filed) 
□ 

□ 



(Number) (Country) (Day/MonthA'ear Filed) 



(Number) (Country) (Day/MonthA^ear Filed) 



Form PTO-SB-01 (9-95) (Modified) 



P02/REV02 



Patent and Trademark OfRce-U.S. DEPARTMENT OF COMMERCE 



Page 2 of 3 



I hereby claim the benefit under 35 U.S.C. Section 119(e) of any United States provisional 



application(s) listed below: 


(Application Serial No.) 


(Filing Date) 


(Application Serial No.) 


(Filing Date) 


(Application Serial No.) 


(Filing Date) 



I hereby claim the benefit under 35 U. S, C. Section 120 of any United States application(s), or 
Section 365(c) of any PCT International application designating the United States, listed below and, 
insofar as the subject matter of each of the claims of this application is not disclosed in the prior 
United States or PGT International application in the manner provided by the first paragraph of 35 
U.S.C. Section 112, I acknowledge the duty to disclose to the United States Patent and Trademark 
1^1: Office all information known to me to be material to patentability as defined in Title 37, C. F. R., 
P Section 1 .56 which became available between the filing date of the prior application and the national 
Oor PCT International filing date of this application: 

.5 



If? 


(Application Serial No.) 


(Filing Date) 


(Status) 

(patented, pending, abandoned) 




(Application Serial No.) 


(Filing Date) 


(Status) 

(patented, pending, abandoned) 




(Application Serial No.) 


(Filing Date) 


(Status) 

(patented, pending, abandoned) 



I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that wiflfu! false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application or any patent issued thereon. 



Form PTO-SB-01 (6-05) (Modified) 



Patent and Trademark Ofnce-U.S. DEPARTMENT OF COMMERCE 



Page 3 of 3 



POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorney(s) and/or 

agent(s) to prosecute this application and transact all business in the Patent and Trademark Office 

connected therewith, (fist name and registration number) 

Paul Fenster, Reg. N o. 33,877 

Maier Fenster, Reg. No. 41,016 

Phillip A. Weiss, Reg. No. J9,863 

Yaakov Schatz, Reg. No._M32.QU 

William H. Dippert, Reg. No. j6,723 

Michael L Wolfson, Reg. No. 24,750 1 

R. Lewis Gable, Reg. No, 22,479 





Send Correspondence to: WOiiam H. Dippert, Esq. 

C/O Cowan, TJehnwitz anrf T.flfman, P,r, 






1133 Aveny^ of the Americas ^ 






New York, NY 10036-6799 




u 


Direct Telephone Calls to: (name and telepfione number) 
WilUam H. Dippert (212) 790-9200 








e 


Full name of sole or first inventor 
Uri KBVROT 




Sole or first inventor's signature 

. > ^ K 


Date 




Residence 

25 Hadror Street, Hod-Hasharon 45268, Israel 


■ "7 




Citizenship ^-T^y \/ 
Israel 




Post Office Address 

25 Hadror Street, Hod-Hasharon 45268, Israel 







Full name of second inventor, if any 
Second inventor's signature 



Residence 
Citizenship 
Post Office Address 



Form PTO-SB-01 (6-95) (Modified) 



Patent and Trademark Ofnce-U.S. DEPARTIWENT OF COMIWERCE 



